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PREFACEH 


TO 


THE SECOND EDITION. 


Since the First Edition of the ‘Field Book,’ the author has 
found, through conversation with numerous friends, that it 
would be advisable to enter more into detail as to the ap- 
plication of the Tables. He has therefore given, in the Intro- 
duction to this Second Edition, an explanation of the system 
of levelling with the theodolite, by which the studen$ may 
perceive how rapidly a network of trial levels may be ob- 
tained over a very extensive area through a hilly country; 
and also of the system of traverse surveying and plotting, 
more particularly as applicable to the working surveys re- 
quired through thickly populated districts, where great ac- 
curacy in the plans is necessary, 


For those who object to the theodolite, a set of tables has 
been given for setting out curves by numerous offsets from one 
tangent. The author has besides added, in this Second 
Edition, Karthwork Tables for every 6 inches up to 80 feet 
deep; anda Table of Gradients, which will be found to reduce 
very considerably the labour of preparing working sections. 


A2 


INTRODUCTION. 


ee 


Tr is not unworthy of remark that, whilst every branch of engineering, 
with two exceptions, has, during the last thirty years, been progressing 
with ‘giant strides,’ the exceptions, land surveying and levelling, 
remain exactly where they were ; this, of course, is the general rule only : 
there are exceptions, no doubt, numerous. Taking into consideration the 
great advantages of the present day, in the shape of ordnance maps, 
tithe plans, improved instruments, and the gradients and curves which 
we may now adopt, it is doubtful whether, generally speaking, surveyors 
know as well now how to pick out a line of railway as the professional 
man of a quarter of a century ago. This was about the only reproof 
made against the engineer by Lord Redesdale in his late ‘ raid’ on rail- 
way people generally. His lordship observed that railway plans were 
not sufficiently studied ; the observation is not a whit more flattering to 
the writer than to his brother professionals, but he submits that it is 
true. 

It would, of course, be unfair to apply this observation to those cases 
where a professional man is sent down at the very last moment, when 
there is scarcely time to prepare any plans and sections whatever, after 
merely giving a glance at a country, where he can very often barely see 
a mile ahead. The condition now more particularly referred to, is 
where the engineering surveyor is engaged in actual exploring or trial 
levelling for the selection of a line of railway at home or abroad, and 
as to the most expeditious method of obtaining sufficient levels to ensure 
the best passes, the most favourable starting-points when we are at 
liberty to select, and the best points or thereabouts along the line so as 
to avoid heavy works. These circumstances necessitate getting over a 
wide expanse of ground in a short time, and this can be done only by 
adopting suitable means. 

The ‘ good old times’ have passed away, when we laid out railways 
through flat and undulating countries; with very few exceptions, these 
territories are all fully occupied, and the engineering surveyor, in pro- 
jecting lines of railways at the present time, must make up his mind to 
wind along hills and over mountains. Not only the ground is broken 
in every direction by chains of lofty hills, but out of these run numerous 
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spurs and valleys which require close study before anything like a 
good line can be laid out amongst them, even after a particular general 
route of country has been determined on as the best, purely from an 
engineering point of view. In such districts as are now referred to, the 
hills very commonly rise and fall 50 and 100 feet within very short 
distances, such as 100 or 150 yards; not only is it necessary to have 
levels over such ground, so as to avoid as much as possible very heavy 
works, but the pass has often, and indeed most generally, to be kept in 
view, whether it be very high or very low ground; and not only the 
ground rises and falls in numerous places at the rate above mentioned, 
for distances of 100 and 150 yards, but often also at the same rate for 
ten times such distances. 

Again, before the general route above referred to can be determined 
upon, the country for a mile or two right and left, and often much 
more, requires examination, not merely by the eye, which in really hilly 
countries is very likely to deceive, but by some rapid instrumental ex- 
ploration; and it is only when this has been done that the best line 
generally can be discovered. The work more particularly referred to 
now, is railway work at home, where we have often a severe par- 
liamentary ordeal to go through; this we observe advisedly, for unless 
we have opposition, it matters very little, except as regards expense, 
what kind of a line is brought forward. 

Notwithstanding all these difficulties, however, which have sprung up 
naturally, and simply from our haying to project our works under cir- 
cumstances generally so very different to those of twenty and thirty 
years ago, we adhere, with only a few exceptions, to exactly the same 
instruments, and the same mode of using them as we did then. The 
reserve, however, of a few exceptions has been made, because there are 
engineering surveyors who have adopted a totally different method of 
going to work, and mostly they are well and profitably employed; but in 
subjects of this kind we cannot refer to exceptions, and we can only deal 
with the general state of things as we meet with them. 

The only instrument still generally employed for getting explore levels, 
even over the most hilly country, is only andsimply the levelinits ordinary 
form ; and, however expert the observer may be, he will not get over a 
hundred feet rise in much less than six observations: with the theodolite 
this is done at one sight, that is, with five-sixths less trouble and time. 
The ordinary mode of using the level for trial levelling, is to begin at 
some particular point, and to wind up and down with instrument and 
staff along the sidelying ground proposed to be adopted, and so get a 
few levels right and left, these being referred to in the level book, and 
on a plan by letters or numbers. One trial line having been got over, 
another line is tried in the same manner; but, from the nature of the 
instrument in its simple form, the work is slow, and in hilly countries 
confined to very narrow limits. 
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Two or three instances which have occurred within the author’s ex- 
perience, will perhaps tend to explain the different results that are to 
be obtained from trial levelling with the theodolite, and with the level 
in its ordinary form. 

It is now some years since, that a line of railway was laid out, and 
even stumped out, through a mountainous country, and the construction — 
of which would have involved about 23 miles of tunnel through a very 
hard rock, containing large quantities of water; this was independent of 
very heavy cuttings and some lofty viaducts. The works altogether were 
so expensive that some thoughts were entertained of abandoning the 
whole concern as not likely to pay. Let it be distinctly understood that 
_ the men who had laid out this line were thoroughly able and experienced, 
but the only instrument they had used was the level; for some six or 
seven miles of approach to the tunnel, they were confined in the gorges 
of hills rising some four or five hundred feet on each side, and they 
could not get out of them. 

Under the circumstances above mentioned, a new order of things was 
established, and the theodolite was brought into operation for trial 
levelling. In about three weeks a new line was found ; two short tunnels 
were substituted for the long one above referred to, with practicable 
works of approach. 

On another occasion, of much later occurrence, after about six weeks’ 
trial levelling, with the level, by a gentleman of first-class experience 
and abilities, plans and sections were deposited for a short line, which 
showed two tunnels, one of which was upwards of a mile and a half in 
length, with very long and heavy embankments on each side, one of 
which, for a considerable length, was 80 and 90 feet deep. The deposit 
was made, but no further motion was taken in the matter; and not only 
this, but a line between the two places was given up as impracticable. 
Under this state of things the subject was taken up by another engineer; 
he trial levelled for a line between the two same places, but with the 
theodolite, and in a short time he obtained so many levels over an ex- 
tensive area, and over totally different ground, that he obtained a line 
with only a quarter of a mile of tunnelling, all other works being of 
quite an ordinary character, 

The writer will mention one more instane to show how easily the 
eye, even of a well-practised man, may be deceived in the matter of 
levels in a hilly country. A professional man of extensive practice had 
been told that in a particular place, through which he was running a 
line, he would there have a tunnel; but he was quite satisfied, from 
what he could see, that he should only have some 40 feet of cutting, 
When, however, the deposit was made, the section showed 300 yards of 
tunnelling, with a depth of 110 feet. 

The above instances have only been given to demonstrate practically 
to those who are not in the habit of using the theodolite for taking trial 
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levels, that the practical application of the instrument for this particular 
purpose has led to most important results; and it was only because the 
writer had had most satisfactory experience on the subject, that he cal- 
culated the tables given in this volume, and which are equally applicable 
to the best and most accurate style of surveying, that is, surveying by 
traverse. This in no way refers to Parliamentary work. 

As regards these tables and theodolite levelling, it is now about two 
_ years and a half ago that he had occasion to take some levels through a 
valley amongst the chalk hills in the south of England; besides the 
main line there were 37 cross-sections, each of which was about half a 
mile long, each falling from 350 to 500 feet, and then rising 500 and 
600 feet on the other side; in a week, thanks to the theodolite, the 
work was accomplished, and, with the assistance of the tables, then in 
manuscript, it was very rapidly cast out, reduced and plotted, just in 
the same way as in the ordinary level book, angles of depression and 
elevation being taken, instead of heights in feet, for back and foresights. 

To the practised engineer, it must, of course, be needless to explain the 
manner in which the levels for a section are taken with the theodolite ; 
but the writer having met with many who really had no idea about it, 
he will ‘not apologise for now giving a full explanation, the more so that 
such matter is always useful to students, and will in all probability 
become more so at some future time, when theodolite levelling will 
become common practice. 


LEVELLING WITH THE THEODOLITE.—CASTING-OUT 
LEVELS AND REDUCING BY THE USE OF THE 
TABLES.—PLOTTING SECTION. 


Let aoB be an angle of elevation of 20 degrees, measured with the 
theodolite placed at o, whilst a staff has been held at a; and let the 
distance from o to A measure 100 feet. 0 A=100 feet is only the length 
measured along the surface of the sloping ground; B 0 is the true hori- 
zontal distance, and 8B 0 is the cosine of the angle of elevation; and aB 
is the difference of level=to the sine of the angle of elevation, By 
means of the tables we get the lengths of both these required lines. At 
page 64, we find that for the angle of 20 degrees, and for the measured 
length 100, the horizontal distance for difference of levels is 93°969 ; 
this will be equal to Bo; and at page 65 we find that the difference of 
levels for this angle of 20, and measured length of 100 fect, is 34°20; 
this will be equal to a, and will give the rise, or height of a 
above o. 

We will now apply this to the diagram of a section, p. ix.; 1, 2, 
3, 4, 5, 6, are the stations for placing first the levelling staves, and 
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then the theodolite; for instance, the level of the ground at station 1 
having been previously ascertained, the staff was held at station 2, and 
the theodolite set up at station 1, paying proper attention, of course, to 
the verniers of the vertical limb and to the bubbles. The centre of the 
instrument is found to be 4°10 feet above the ground; then the telescope 


ELEVATION ~~ 
20 DEGREES. 


dn 


COSINE OF ANCLE OR 
HORIZONTAL DISTANCE. 


SINE OF ANGLE 
OR RISE OF GROUND 


is directed by vertical motion to 4:10 on the staff held at station 2 ; the 
vernier is clamped, &c., and the angle of elevation is read off, 9° 50’ 
entered in the book, and the distance is measured along the sloping 
ground, 410 feet. The theodolite is then removed, a staff left behind at 
station 1, and the instrument carried to station 2, the staff from which 
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is sent forw2ra to station 3; the theodolite is them properly set up over 
station 2; the height of the instrument above the ground is now found 
to be 5-1 feet; then the telescope is directed to 51 on the staff held at 
station 1, and the angle of depression on the vertical limb should be 
found to read exactly 80° 10°=90°—9° 50’. The telescope is now 
turmed to the staff at 3, the angle of elevation read off, entered 
im the book. and the distance from station 2 to station’ 3, equal to 
$00 feet, is measured and also entered. The instrument is then removed 
from station 2, some peg or mark being left there, in order that the 
staff-holder coming forward from station 1 may find the exact spot. The 
instrument is now carried forward to station 3, and properly set up as 
before: the staff from station 1 being now held at station, and the 
centre of the instrument being 4°15 feet above the ground, the telescope 
is directed to 4-15 n the staff at 1, and the angle of depression is read 
off and entered. The telescope is now turned to the staff held at 4, and 
directed to 4-15 (the height of the instrument above the ground); the 
vernier is again clamped, &e., ‘&e.; the angle of depression is read off 
from the limb, and entered in the book, and the distance, 405 feet, 
measured along the ground, entered also. 

The theodolite is now removed to station 4, whilst the staff is brought 
forward from station 2 to station 3, and the other staff is carried for- 
ward to station 5; the instrument being now placed at station 4, we 
take the angle of ezvation on to the staff held at station 3, and then the 
angle of elevation to the staff held at station 5, exactly im the manner 
already explained, and we progress in this manner to the end of the line. 

Let us now refer to the field-book in which the observations are 


recorded. 
Back Angie | Fore Angie | Rise | Fall | Measured Reduced | zat Reduced 
Lengths | Levels Dist. Lengths 
Feet. 
240°00 | 5000 

9—50 E | 70-02 410 310-02 | 5405 405 

$0—10D 2—20E | 32°57 800 342-59 | 6204 799 

87-—40D | 10—15D 7207 405 27052 | 6602 398 

79—45E 9—15E | 9001 560 360°53 | 7155 553 

80—45 D 2—3Z5E | 3515 782 39568 | 7934 781 

- Shera 7-15D 76°35 605 319°33 | 8534 600 

=45 


It will be observed that the back angle i= = complete ches Sam 
whole of the field-work. 


The rise and fall are obtained from the tables of ‘Dittcees alee 


=, 
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Levels,’ and the reduced lengths from ‘ Horizontal Distances for Diffe- 
rences of Levels,’ merely by removing the decimal point to the right 
or left. 

The levels having been cast out, and reduced in the ordinary manner, 
and the reduced lengths added up in the column ‘ Total Reduced Distanee,’ 
the section is plotted in the usual manner. 

It will be observed that in the diagram explanatory of the mode of 
plotting the levels, only the leading points have been noticed on the 
section: small inequalities are quite secondary considerations in taking 
trial levels over a hilly country, but there is nothing to prevent inter- 
mediate depressions in the ground being noticed on the fiypage. 

Tt will also be observed, that besides the angles of depression and 
elevation taken along the main line, we may also take observations right 
and left, the levels so obtamed being quite as valuable for our purposes 
as those obtained from the main line. It is indeed the great facility 
with which these side levels are obtained by the means of theodolite 
levelling which makes the system so valuable; from the rapidity with 
which the work is done, a difference of 200 or 300 feet in levels, or 
much more, being obtained at one sight, quite as easily as 8 or 10 feet 
with the ordinary level; and when the instrument is supplied with a 
micrometer, the distances are read off rapidly, quite near enough to all 
intents and purposes, without chaining. In the diagram and example 
of field-book given here, no reference is made to side levelling, in order 
that there may be no confusion in the elementary explanation of elevation 
and depression, and the corresponding rise and fall, and reduced distance. 
After what has been just said, it cannot fail to be observed, that for ob- 
taining levels over the ridges enclosing large areas of watershed, the 
system is very rapid, and equally valuable for taking cross sections in 


' yery sidelying ground, in matters of deviations. It is by these means 


that a great number of levels above a given datum are written in on 
maps or plans; and as regards railway engineering, there then remams 
but little to do in determining the direction of a line, in ascertaining 
pretty accurately the nature and extent of the works, as well as the 
gradients and curves to be adopted. With such documents at hand, it is 
easy to avoid sending in ill-studied plans and sections. 


_ But very few engineers, if any, were better acquainted with all the 
_ details of engineering field-work than the late Mr. Gravatt ; and he was 
' perfectly aware that, even in his working-days, the level by itself was very 


limited in its capabilities for trial levels, and to increase its usefulness, for 
the purpose of trial levelling and cross sections particularly, he added the 
appliances shown in the accompanying diagram, in which it will be seen 
that a and B are two plain sights, which are so contrived that they are 
shipped and unshipped with the greatest ease; a has a vertical slit and 
two horizontal ones; B has a fixed vertical horsehair, and is also pro- 
Wided with a slide, p, carrying a cross-hair, which intersects the vertical 
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horsehair higher or lower, according as the slide is moved up or down, 
The slide p is also provided with a vernier on each side of the broad 
arrow —>, by which the divisions engraved along B are subdivided into 
tenths and hundredths. Thedotted line, pz, shows that this contrivance 
affords a most ready means of obtaining the rates of inclination of any 
sidelying ground, or, as will be presently seen, any difference of level. 
The depth between the horizontal slits of a is made exactly equal to 
the whole of the divisions on B, which whole is made by the maker 
exactly equal to some decimal fraction of the horizontal distance between 
A and zB, which in the instrument before us measures exactly 10 inches. 
The whole of the divisions of B is equal to 2 inches, or } of the dis- 
tance AB; one half, therefore, of the divisions is equal to 1 inch, or 4 


of the distance an; ‘and as this inch, or of as, is divided into 10 
equal parts, each subdivision is equal to ;4, of aB: two subdivisions 
will be ;2,, and three will be ;3;, and twenty will be 2%; and these 
hundredths will give the rise or fall per hundred (any unit of 
measurement) horizontal. 

The instrument is used in the following manner. When an observa- 
tion is required to be taken, a staff-holder is sent on to the given spot; 
if an elevation is to be taken, the observer applies the eye to the lower 
horizontal slit, and the cross-hair of the slide p is made to coin- 
cide with that reading on the staff which is equal to the height of 
the instrument above the ground; there only remains to take off the 
reading. In the diagram, the cross-hair intersects above the 12th divi- 
sion, and by means of the vernier (the divisions of which are too small 
to be shown in the figure), we find the subdivision to be °53; then the 
whole reading will be 12°53, which means at once that the ground rises 
at the rate of 12°53 per hundred horizontal—as, for example, 12°53 feet 
per hundred feet horizontal. 

If an angle of depression is to be taken, the eye is of course applied to 
the wpper horizontal slit. In the figure before us, with the slide still at p, 
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we find the arrow intersects a little below 7 subdivisions, and the excess 
we read off by the vernier (the upper side of the arrow) to be *47; the 
reading will therefore be 7-43, which means that the ground falls 7°43 
feet per hundred feet horizontal. 

Now, we have observed above, that ‘the cross-hair of the slide is 
made to coincide with that reading on the staff which is equal 
to the height of the instrument above the ground.’ It may be added 
that, for all ordinary purposes, it is unnecessary to use a levelling-staff; 
it will be generally sufficient to send a man to the required spot, where 
he may hold up a piece of white paper at the height of his neck, or 
thereabouts, according as the instrument is higher or lower above the 
ground. For short distances, this will answer all practical purposes, 
where rapidity is more requisite than extreme accuracy of fractions of feet. 

An approximate level may, however, often be required for some con- 
siderable distance. For instance, let us suppose that an elevation has 
been read off of 27°47, and that the distance, measured along the sloping 
ground, is 460 feet ; required the total rise, and the horizontal distance 
from the observer to the point observed. Refer to Table I., and under 
the column ‘Rise or Fall per Hundred Horizontal,’ look for the given 
reading 27°47, or the nearest to it; we find this, or 27'42, at page 15, 
and it coincides with the angle of 15° 20’; now look for this angle in 
Table II., where we shall find it at pages 54 and 55; the angle of 
15° 20! gives for 400 feet, difference of level, 105-77 

and for 60 feet sa * 15°86 


Total rise or difference of level = 121°63 


Similarly we find the horizontal distance : 


For 400 feet, horizontal distance, 385-76 
For 60 ” 2. ” 57°86 


Total horizontal distance from 
instrument to observed point 


In this instrument of Mr. Gravatt’s, as made by Archbutt and Sons, 
the plain sights also enable an observer to take a bearing, or horizontal 
angle, with considerable accuracy, whilst the divisions on the cap or 
sunshade will enable him to take approximate angles of elevation or 
depression, which will often be found exceedingly useful. 

To the young practitioner and student, and to those generally who 
have never taken levels by any of the means here mentioned, it may be 
as well to make a few observations as regards the above example. 
The rise per hundred feet horizontal we find to be 27°42, and the 
measured distance along the slope is 460 feet; if 27-42 had been mul- 
tiplied by 4°60, we should have had 126:13 for difference of level, or an 
error of about 5 feet. This is mentioned to make it perfectly intelligible 
that: the readings we get on the scale, are the ratios of rise or fall per 
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hundred feet horizontal; in the next place we may add, that of course, 
in taking the observations, it is necessary that the bubble should be 
exactly in the centre of its run, in the same way as though the observer 
were taking ordinary levels. 


THE ELEMENTS AND PRACTICE OF TRAVERSE 
SURVEYING. 


Tue correct practical principle of working a traverse on the ground 
consists of the best, method of reading the angles round any regular or 
irregular polygon, and measuring the lengths of the sides. From these 
angles and lengths certain calculations are made, which enable us, with 


no other instruments than a straight-edge and set-square, to lay the 
work down on paper with any degree of precision. Table I. givesthese 
calculations all ready to the surveyor’s hand. 

Let Aox be a regular octagon, which we propose going round with 
the theodolite, starting from a. Let AN be the magnetic north; zero on 
the horizontal limb is made to coincide exactly with the needle ;* in the 
next place, the angle NAB is taken, which will here be 22°—30'; 
90°—22° 30’/=67° 30’=the angle Ba ¥, to which BF is the sine, or 


departure, and a ¥ the cosine, or latitude, given in Table II., as already 


fully explained above. Now, in the regular octagon, each of the angles 
at the circumference, that is, ABC, BCE, CEH, is equal to 135 degrees, 
The intersecting angles at B,=360°, are made up of ABD,=180°, 


*In Mr. Hoskold’s Transit Theodolite, constructed by Messrs. Archbutt, the 
compass is nearly twice the ordinary size, and quite free and open, so that it can 
be read very accurately. 
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plus a Bc,=135°, and po, which will be equal to 45°. It will be the 
same thing, of course, at o, B, &¢., as in the regular octagon given the 
angles at the circumference are all equal to each other. 

We will now return to the theodolite, which we have left all clamped, 
and reading 22°—20’. The length aw being measured, the instru- 
ment is to be removed to station n, and there set up exactly over the 
point B, which is done by the shifting of the legs, so as to make the 
plumb-bob hang exactly over the right point. The next adjustment is 
to bring the bubbles exactly to the centres of their runs; this places 
the instrument in horizontal adjustment, so that the angles taken shall 
all be horizontal. This is effected by means of the parallel plate screws, 
two of which are shown in the figure at A and B. The instrument being 
correctly placed at B, we have now to bring the reading 22°— 30’ to bear 
exactly on point a, where, of course, a pole is held up, care, however, 
being taken that the intersection of the wires of the diaphragm shall 
be exactly on the foot of the pole, whilst the vernier, as last fixed on 
the limb, remains perfectly untouched. 

To do this, the clamp cisslackened, which allows the whole of the in- 
strument to be turned round bodily on its axis, without any portion of 
the upper part of the instrument being moved in the least degree. The 
theodolite is now to be turned round, whilst the observer looks along the 
upper telescope, which he directs towards a, or through the plain sights 
s, 8; when the intersection of the wires of the diaphragm* (which, for 
the sake of brevity, we shall in future call the sight) pretty nearly 
coincides with the station a, the clamp c is tightened, and the 
contact of the perfected sight with the foot of the pole at a, by means 
of the tangent-serew D, which allows of the most delicate and regular 
horizontal motion of the instrument. 

This perfect contact being effected, we now release the verniers, 
which are shown at 8, by slackening the upper clamping-screw Fr; the 
telescope is now turned round to station c, and when the sight is nearly - 
in contact with the foot of the pole, screw F is tightened, and, by means — 
of the tangent-screw, the contact of the sight is perfected. We can 
now take off the reading of the vernier on the limb, reading with perfect 
accuracy by means of the magnifier 1. The magnifiers in this instru- 
ment are, by a particular contrivance, made to move with the greatest 
possible convenience, which is a most important thing in getting an 
accurate reading on the limb. In the present instance, the reading will 
be 247°— 30’. The length of B¢, being measured, the instrument is 
now removed to station c, with the reading on the limb (247°— 30’) left 
untouched. 


* In order to see the wires of the diaphragm clearly and comfortably, it is neces- 
sary to draw out the eye-piece G very gradually,-until the wires appear sharp and 
well defined. This must be done delicately, as even the sixteenth of an inch back- 
wards or forwards makes a great deal of difference. 
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The theodolite being now set up at c, in the same manner as at A and 
B, the clamp-screw c is slackened, the upper telescope is turned on to 
pole left at s, clamp-screw c is then tightened, and perfect sight com- 
pleted by means of tangent-screw p. Now release clamp-screw F, turn 
the telescope on to x, tighten Fr, and complete the contact of sight by 
means of tangent-screw H. The reading on the limb will now be found 
to be 112°—30’. This operation is completed until we have gone over 
the ground from end to end. 

Let it now be observed that the reading at B was 247°—30’; this, 
deducted from 270°, leaves 22°—30/=to the angle cB1, of which cr is 
the sine, or departure, in the tables, and Bt the cosine, or the latitude. 
The reading at c was 112°—30’; deducting this from 180°, leaves 
67° —30', of which tz is the sine, or departure, and 1c the cosine, or 
latitude. 

GenrraAt Rurz.—Where the reading ig less than 90°, subtract the 
reading from 90°, which will leave the angle required ; when the reading 
is more than 90°, and less than 180°, subtract the reading from 180°, 
_ which will give the angle required; when above 180°, and less than 
270°, subtract the reading from 270°; and similarly, where the reading 
is above 270°, and less than 360°, deduct the reading from 360°: in 
each case the remainder will give the angle required. 

In the practice of traverse surveying we always make the reading 
5’, 10’, or 15’, &c., according to convenience, by moving the poles, or 
making our marks on walls, &c,, a little to the right or left; this will be 
found a great practical advantage, inasmuch as it does away with all 
fractions of minutes, and increases the clearness of reading, a matter of 
the greatest importance in traverse surveying, for the special purposes 
we are now considering. 

It is to be observed that in the usual practice of traverse surveying, 
we measure the sides and angles round any polygonal figure, regular or 
irregular, and that in doing so we go as far north as we do south, 
and as far east as we do west, and that consequently the ‘ southings’ 
are equal to the ‘northings,’ and that ‘eastings’ are equal to the 
‘-westings.’ 

Now the ‘ Differences of Latitudes,’ or the northings and southings of 
any line, are the distances that the ends of lines measured round any 
polygon are north or south of the other ends. 

The ‘ eastings’ or ‘ westings,’ or departures of any lines, are the per- 
pendicular distances from one end of the lines to a meridian, or line 
passing south and north through the other end, the ‘meridians’ being 
parallel lines supposed to pass through every station on a survey. In 
any polygon, regular or irregular, the sum of all the interior angles is 
equal to twice as many right-angles as the figure has sides, less four 
right-angles. 

As observed above, and as may be seen by referring to. the figure at 
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p. xiv., whether we consider the regular octagon or the circle, in going 
round the polygon, we go as far north as south, and as far east as west; 
therefore, when we reduce the ‘northings’ and ‘southings’ of all the 
lines from the tables of Difference of Latitude, and similarly when we 
reduce the eastings and westings of all the lines from the Tables of De- 
partures, we at once have proof of the accuracy of the work, since the 
northings will be equal to the southings, and the eastings equal to the 
westings, if the chaining has been correctly done. 

In the same manner, we shall have proof of the angles having been 
correctly measured, because all the interior angles will be equal to twice 
as many right-angles as the polygon has sides, less four right-angles, or 
180°, if the theodolite has been correctly used. There will, however, gene- 
rally be some two or three minutes difference, even with the most careful 
work, unless some particular plan be adopted, such as that which has 
been mentioned above, of making the readings 5’, 10’, or 15’, &¢., by 
making our marks accordingly. In the description of work to which 
we have been more particularly referring to, a difference of two or three 
minutes might be of considerable importance; at least for a working 
survey amongst buildings we should object to it, and the more so that 
it may be avoided; but in country surveying, or where looking such 
minute accuracy would be loss of time, it is usual to divide the difference 
or error over the work. 

In the example we have given of traverse surveying at p. xxi., it 
might be very inconvenient to have to go round; but the work may be 
proved by going over the work a second time, but backwards, so that we 
shall still have our northings equal to southings, and our eastings equal 
to westings. 

It is very possible that to many this going over the lines a second 
time may appear fastidious, but in fact it consumes but very little time, 
from the work having been already all set out; and, in the next place, 
it removes all doubts from the mind of the surveyor, as well as from 
that of the chief for whom he may be working. Where, on the contrary, 
the work has not been proved, the surveyor will feel perhaps for months 
afterwards uncertainty about his plans; and if any hitch occurs in the 
setting out of the works, he will be sure to feel no small amount of un- 
easiness, and attribute the difficulty to some possible error in his work. 

As to the degree of accuracy which we have considered necessary in 
town lands surveys for the purpose here contemplated, we will only 
point out that the mistake of a foot may be of far greater importance 
than a foot error in a cutting or embankment on an ordinary section, 
for in this last case it would only involve some difference as to a greater 
or less quantity of earthwork ; but serious as such a blunder would be, it 
would be trifling compared to the setting out works so that*any por- 
tion of them might fall a foot within instead of outside of a building. 
The engineer who has had to set out works through ground thickly 
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covered with buildings, knows all the importance of a correct plan for 
such purposes. 

In the theodolite we are now referring to, it will be observed that there 
is a lower telescope, which is so set that its axis perfectly coincides 
with that of the upper telescope, when at zero; there is also a diagonal 
eye-piece, so made that when screwed into the telescope, it admits of 
its being pointed directly vertical, and of observations being made in 
such direction with as much facility as if the glass were pointed hori- 
zontally; this is a considerable advantage, as it allows of underground- 
works being connected in the most direct manner with the surface, 
Further, by the special construction of this instrument, when any 
particular point has been found on the surface, there are means of 
setting out from such point any angle taken underground, without 
making any alteration on the vernier plate: that is to say, that leaving 
all screws fast clamped, the instrument may be brought from under- 
ground works to any fixed point on the surface, and any particular angle 
set out or checked, one or both sides of which shall exactly coincide 
with fixed underground lines. The vernier zero being made to coincide 
exactly with zero on the limb, and the instrument turned round until 
the needle pvints to its own zero, both telescopes will be in the same 
vertical plane; any angle being now taken may be transferred to the 
surface, and the large size of the compass will show the slightest 
deviation that may have taken place. 

In ranging curves, the addition of the second telescope is important, 
inasmuch as it enables the observer to be always satisfied that the zero 
of the instrument, during the course of any number of observations, has 
not deviated from the direction of the tangent. Any want of check on 
such deviation is often a source of error in setting out long curves, and 
is often caused by the observer moving about the instrument without 
sufficient care, or by his attempting thoughtlessly to move the vernier 
plate without having first released its clamping-screw. Such errors are 
often carried to the end of the curve, where they become greatly in- 
ereased ; they are frequently then rectified (!) by what is termed easing 
the curve, which simply means that at one end a curve is often of a 
radius 5 or 10 chains shorter than it should be. 


PLOTTING TOWN SURVEYS BY TRAVERSE 
TABLES, 


Since the introduction of railway and other great engineering works 
into the very centres of large towns—as, for instance, of the railways now 
constructed or about to be constructed in the parts of London covered 
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with valuable property—the accuracy of working surveys has become of 
the very highest importance. Not only is it by these plans that it is 
determined whether buildings and parts of buildings lie on the line of 
works, but often there are no other means of setting out these works 
than by the working plans. 

Not only important and expensive working drawings are got out ac- 
cording to the plans, and often become of no value if these are wrong, 
but the works themselves are frequently set out from the plans only, and 
immense difficulties must be the consequence if they are incorrect. Some 
considerable length of curve, or straight line, may be laid down on a 
plan drawn to a very large scale, and properties are often purchased in 
portions only, and not consecutively, and the works are of necessity set 
out from the plans and commenced ; and if they have not been correctly 
surveyed, and also correctly plotted, very serious consequences may re- 
sult: not only may we find that we interfere with buildings we did not 
contemplate touching, but the relative position of the centre lines may be 
wrong; and where masses of buildings intervene between works com- 
menced in two different places, it is often very difficult to check 
satisfactorily the operations of setting out by work done on the 
ground. In short, the work is altogether different from ranging curves 
and straight lines through fields, or even villages and small country 
towns. 

The writer believes that, generally, it is the system of plotting the 
survey which is at fault. If the ground is well traversed with a good 
theodolite, and the lines carefully chained, this part of the work can 
scarcely be otherwise than satisfactory; but the means adopted usually 
for laying down upon paper long lines (often from 15 to 30 inches and 
more) exactly at the angles, the writer considers unsatisfactory. The 
instrument used for laying off angles is the protractor, perfect it is 
admitted within certain limits, and the same may be said of the large 
parallels employed in the next operation of plotting a traverse survey 
in the usual manner. For ordinary purposes nothing can be better; but 
an extensive survey, plotted to.a large scale (and 20 feet to the inch is 
not too large for the purpose we have now in view), requires altogether a 
different method in order to attain the accuracy necessary for important 
works. 

By means of the Traverse Tables, a good survey may be plotted in 
the same manner and with the same amount of accuracy as a section, as 
the accompanying diagram will explain. 

From the Traversing Notes, the Angles 1, 2, 3, &c., on the accom- 
panying diagram, are obtained, the lengths an, Bo, cv, &c. being 
most carefully chained. To illustrate the method of plotting, it will 
be sufficient to give one example, as the work otherwise would be 
merely a repetition of what has been said under the head of ‘ Levelling 
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with the Theodolite,’ pp. vii—viii. Angle 1 is 33° 25’, and the measured 
length up the side of the street is 422 feet; at page 91 (Table II.) we 
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have ‘Departures’ corresponding to ‘ Difference of Levels,’ and for 
33° 25’ we have for 


feet. feet. 
400 =220°29 
20= 11°014 
2= 1°1014 


422 =232°4054 


—and for ‘ Latitudes,’ corresponding to ‘ Horizontal Distances for Dif- 
ference of Levels,’ we have for 
feet. feet. 
400 = 333°88 
20= 16°694 f 
2= %669 
422 =352°243 


Both these results are shown plotted on the diagram for Angle 1, and 
similarly for the other angles. 

When the first portion of the survey, as from 1 to 8, has been completed, 
the smaller areas may be enclosed and plotted in the same manner. It 
will be seen that by these means, the most minute accuracy is ensured 
for the whole as well as for the details of the survey. When the work has 
proceeded thus far, the centre line of the works should be laid down, and 
the details of the ‘blocks’. should then be filled into the width required. 
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EXPLANATION OF TABLES. 
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TABLE I. 


Tux first columns of Table I. have been prepared to show ata glance, on 
either plans or cross sections, the rise and fall due to the angles of de- 
clivity of side-lying ground. As regards earthworks, the importance of 
this can hardly be over-estimated when we are laying down a line either 
for a railway, road, or canal, because it affords a ready means of ascer- 
taining depths of cuttings and embankments, and of making suitable 
alterations in the direction of the centre line of works. Generally, the 
information which we are desirous of obtaining on this point, is the 
difference of the levels right and left of a line at a distance of perhaps 
two or three hundred feet; this is given ata glance by the tabular 
numbers, when the angles of acclivity or declivity have been taken ;-— 
thus column 2 gives the rise or fall per cent horizontal, all in yards, feet, 
or metres, for every five minutes of every angle of inclination, which an 
explorer may at once write down in his note-book without any calcula- 
tion whatever, and the surveyor may make the same observations in his 
field-book right or left of any of his chain lines, whilst making his survey. 
If these lines are laid down on the plot plan, the differences of levels are 
easily plotted at the same time, with all sufficient accuracy for the 
purpose in hand. In a hilly country, particularly, these notes on a plan 
afford the readiest means of avoiding as much as possible heavy cuttings 
and embankments. 

With the exception of the theodolite, which, however, is much too 
cumbrous to be always carried about for taking angles of inclination, the 
writer is not acquainted with any practically useful inclinometer, except 
that which he has used for many years past.* This consists of a semi- 
circular protractor, with a pendulum pointing to zero when the instru- 
ment is held horizontal; it is numbered from zero to ninety degrees 
both ways, so that when used in taking an angle of elevation or depression, 
the pendulum at once reads off the observed angle, and with much 
greater steadiness and accuracy than might at the first glance be expected ; 
if the pendulum be sufficiently weighted, say, with about two ounces. 

With a six-inch semicircular protractor, with the vernier loaded, no 
difficulty will be found in reading off to three or four minutes, and for the 


* The writer, however, wishes to guard himself against any imputation of claiming 
either discovery or invention in so simple a matter, and is only desirous of making 
more generally known a really useful inclinometer for ordinary purposes. 
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short distances and the purposes for which the inclinometer could be 
used, this is abundantly accurate; the instrument is furnished with 
plain sights, the axis of which is, of course, made by the manufac- 
turer, parallel with the diameter of the instrument. Fig. 1 is a sketch 
of the instrument. It reads to twenty-two degrees, and as the line of 
sight ax is parallel to the ground line cp, twenty-two degrees is the angle 


of inclination, and the table supplies the amount of rise for every 
hundred horizontal. The writer trusts that he may be excused for men- 
tioning for the information of the young engineering surveyor, that one- 
half of the cardboard protractors sold by our instrument makers may. 
readily be fixed in a plain glazed flat case, and that with a pendulum 
attached it will make a very useful instrument for such purposes. The 
great advantage of such an instrument is the readiness and rapidity with 
which it supplies, with the assistance of the tables, the rise and fall for 
ordinary cross sections, . 

The second portion of Table I. gives a series of coefficients for setting 
out slopes where the cross section is in steeply side-lying ground, of which 
theangle of inclination has been"taken; the writer considers that where 
the ground rises or falls rapidly, this furnishes a better mode of setting 
out the slopes of earth-work than the ordinary method by differences 
of level. . 

Let fig. 2 represent an embankment, 2 to 1 slopes, of 20°2 in depth on 
side-lying ground, of which the angle of inclination has been measured. 
Column 4 of Table I. gives the rise or fall per unit. Take this tabular 
number opposite to the angle of inclination, multiply it by 20-2, and the 
product added to 20-2 will give the depth dueto a6, and a 6 multiplied by 
the major coefficient, for slopes 2 to 1, gives the distance 6c. On the 
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i other side the first tabular number'multiplied by 20°2 is deducted instead 


of added, to get the depth d e, which, multiplied by the minor coefficient 
for slopes 2 to 1, will give the distance fe: observe, that in both cases 


horizontally, which ensures a much more accurate setting off where the 
earthworks are heavy, and the natural surface of the ground considerably 
inclined. 


TABLE II. 


Table II. is a traverse table for every five minutes of the quadrant 
which will be found a sufficiently close approximation for all surveying 
purposes, as we can always manage to lay out our work to five minutes 
and generally even to ten minutes. It is constructed so that the 
Latitudes and Departures are given in one page for lengths from 10 to 90, 
and of course by the mere removal of the decimal point one figure to the 
left, from 1 to 9, and similarly by the removal one point to the right 
from 100 to 900, and so on. 

Independently of its use for regular traverse surveying it will often 
be found useful in the field in getting round obstacles, as for instance, 
in fig. 3, where a large sheet of water comes across the base line 
4B. From a set out any convenient angle Bac, equal to, say 22 de- 


_ grees, and measure along ac, until the obstacle is so cleared on the 


other side that from a point c we may set out an angle acs of 68 
degrees, (22+ 68 being equal to 90). Let ac measure 1250 feet; re- 
quired the length of as. By table of latitudes we shall have for 22 
degrees, 


927-:18—1000 
185:44— 200 
46°36— 40 


1158°98—1250 
or 1158°98 feet for the length of an, and if the angles have been properly 
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set out, cB will measure 468°26, for, by the table of departures we shall 
have for 22 degrees, 


374-61—1000 
7492— 200 
18-73— 50 

468-26—1250 


Table II. has been so arranged, that the horizontal distances and dif- 
ferences of levels due to inclination are very readily obtained in the same 


manner, when the angle of elevation or depression has been taken, and 
length along the sloping ground carefully measured. Inthe last example, 
for instance, if the angle of 22 degrees were an angle of elevation, and 
the distance 1250 feet, the length measured along the sloping ground, 
then we should have 1158:98 for the horizontal distance, and 468°26 feet 
for the difference of level. 

It will be needless to observe here, that in a case of taking levels by 
inclination, we should not recommend such a distance to be taken at one 
sight, and we have only done so here in order to show how the use of 
this table is applicable in both cases, with regard to surveying and 
levelling, and in mountainous countries, when a good theodolite is care- 
fully used, a great: amount of country is levelled over very rapidly, and 
as regards cross sections the inclinometer mentioned above does all that 
is required very easily with these tables, as all calculations are avoided. 
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TABLE III. 


Table III. has been prepared with a view of avoiding in the field all 
the computations of tangential angles in setting out circular curves. 
These calculations are simple enough, and yet troublesome in order to en- 
sure accuracy, for one error may involve the loss of many hours’ field 
work ; besides, however rapidly they may be made, the time given to them 
will always be more advantageously devoted on the theodolite, and 
seeing that the chainmen do their work accurately, for unless the curve 
be well chained, there can be no hope of closing the curve satisfactorily. 
It will be needless to observe that the table is based upon the formula, 


1718-9 

Radius 
It will also be almost as supererogatory to observe that, generally speak- 
ing, in setting out curves, the first stump is upon a fraction of achain. To 
make use of these tables with all desirable rapidity, it is only necessary 
to set out at first with the fraction of the tangential angle due to the 
_ fraction of chain; when this has been carefully done, the instrument 
may at once be removed, and a considerable length set out from such 
station. 
For sharp curves it will be observed that the tangential angles have 
been given by half instead of whole chains, which will be found to give 
more satisfactory results for curves of short radius. 


= Tangential angle for one chord. 


TABLE IV. 


Table IV. is a table for railway crossings, which is too explicit to need 
_any further information on the subject. 
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1 Decree 


CIA UWP O 


Tangent |Cotangent 


*01746 57'2899 
*O1775 56°3505 
*o1804 55°4415 
*01833 54°5013 
*01 862 53°7085 
we} f.50) ¢ 52°8821 
*o1g20 52.°0806 
"01949 51°3031 
"01978 50°5485 
"02007 49°8157 
*02037 49°1038 
02056 48°4120 
*02095 47°7395 
"02123 47°0853 

4488 


"02153 | 46°44) 

"02182 45°8293 
02211 45°2261 
"02240 | 44°6385 
"022.69 44°0661 


*02298 43°5081 
"02328 | 42°9640 


"02881 34°7151 
rozgio «| §=34°3677 


*02939 34°0273 
"02968 | 33°6935 
"02997 33°3061 
"03026 33°0451 
03055 32°7302 
"03084 32°4212 
*O3Z114. 32°1180 
*03143 31°8205 
*03172 31°5283 
*03201 312415 


“03230 39°9599 
03259 30°6833 
*03288 30°4115¢ 
"03317 30°! 
*03346 2.9°8822 
"03376 | 29°6244 
“03405 29°3711 
"03434 2.9°1220 
"03463 28°8770 
"03492 28°6362 


_\Cotangent}) Tangent 


= PWR UM OWT CO 


88° o 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, 


500 feet 
5 chains Radii, 
50 métres 
BENDS. 


In one 66 feet chain 5 inches 
Rails18 ,, lengths12 ,, 

Inone 100 ,, chain 7} ,, 
Rails18 ,, lengths1 ,, 


SUPERELEVATION OF RaIZs, 


66 feet chain, 20m, per hour 43” 
100 feet chain, 20m. per hour 3” 


Left-hand No. of Right-hand 
Reading Chains Reading 


88 DEGREES 


357° 81} 2 | 2° 51:9 


354 162] 1 5 43-7 
351 244] 12 | 8 356 
348 825 | 2 |-11 27% 
345 406 | 22 | 14 194 
342 487} 8 | 17 11° 
339 56:3 | 33 | 20 31 
387° 5:0 | 4 | 22 550 
334 13:0 | 44 | 25 46:9 
331 212 | 5 | 28 388 
328 29:3 | Bh | 381 306 
325 87-4 | 6 | 84 22% 
322 45:6 | 6h | 37 144 
319 537 | 7 | 40 63 
317 18 | 7h | 42 582 
314 99] 8 | 45 504 
311 181 | 8% | 48 419 
308 262] 9 | 51 33:8 
305 343 | OL | 54 25-7 


302 42:4 |10 | 57 17:6 
299 50° | 102 | 60 9-4 
296 587/11 | 63 1 
294 68 | 114 | 65 53 
291 149112 | 68 45 
288 23:0 | 12k | 71 36 


$285 75 TABLE III. 
2 Decrees © 
Say ae : TANGENTIAL ANGLES FOR 
angen Otangen 
2° of ros4pn | 286360 bd! CIRCULAR CURVES, 
2 03550 281664 4 600 feet 
26 ie A Meee i 6 chains Radii. 
5 | *03638 | 27°4898 55 60 métres 
6 03067 bath a4 
g aos 2b 8449 52 BEnpDs. 
12 | ‘ones | 26-4316 | go || Inone 66 feet chain 4} inches 
1 | %03812 | 26:2206 49 Rails18 ,, lengthsl ,, 
12 03842 2.6°0307 48 c 
" epi 25'8348 47 In one 100 ,, chain 62 ,, 
15 "03929 25°4517 45 Rails 18 ” lengths 432 yy 
16 | *03958 | 25°2643 44 
17 | *03987 | 25°0797 43 SUPERELEVATION OF RAIts. 
18 | *04016 2.4°8978 42 3 
19 | 04046 | 24°7185 a 66 feet chain, 20m. per hour 32” 
20 | ‘o4o75 | 24°5417 4o : 
ax | “ogrog | 243675 39 || 100 feet chain, 25m. per hour 4 
22 | 04133 | 241957 38 
a ae ates | od : 
a | Seo | Som | 3 | Tetum | Set | pes 
27 | cays | 23377 | 33 | g57° gee | a | a oor 
28 | *04308 2136 : 2 
29 | 704337 | 230576 | 31 || 355 13:5 | 1 4 46-5 
Pep ear | RETO Bb SOR US Tk 
b | Se) Be] 2] ee ee a | tae 
i 2 ; 
oleae, | sates | ae (84S) 406 |S) | | 
36 "04541 ake 24 348 17°3 34 16 42-7 
ns ° . ° ° 
Teh Hogs! |. at-paae 33 || 840 54-1 4 19. B99 
a9 | ates | | arboso ak OSS OOS | AE RT ae 
a ber ee |e 886. 76 1 ee ae 
wy oie 212049 8 oat 44+4 53 26° *2oe6 
43 | *04745 | 21'074 17 br eld 6 28 38:9 
i) oes |cooee | ae 1 828; 679 | 6h | SL Se 
46 04833 rap 14 326 34°6 7 33 253 
Bel erage’ | “agate 3 || 824 114 74 |.85 «486 
49 | °04920 | 20°3253 1 | 821 48:2 8 388 118 
ey eo ed [ye Ph O19: QO) tS: al semem 
Poe et olan sont cee 
“05066 6 ; 2 ‘ 
$5 | 0509s | r9Gz2 | 5 || 812 152 | 10 | 47 448 
56 bic 19°5155 4 309 52:0 104 50 8-0 
Bosh soeyheo 1 ageeng a WOT 2S7 aad 52 31:3 
Bisel pdb Pers 805 55 | 113 | 54 545 
302 42:2 | 12 57 17:7 
Cotangent| Tangent 
i Aas 300 19:0 | 123 | 59 41-0 
87 DrGREEs 


TABLE IItf. 117 


3 Drcrenrs 


OHI A MAW HH Q 


*Osaqt 190811 
*05270 18°9755 
"05299 18°8710 
05328 18°7677 
"05357 | 18°6655 
"05387 | 18°5644 


05416 18°4644 
‘05445 | 18°3655 
"05474 | 18'2676 
"05503 18°1708 
°05533 18°0749 
05562 17°9801 
"05591 17°8863 


"05649 | 17°7015 
*05678 176105 
“05708 17°5205 
°05737 17°4313 
"05766 17°3431 
*05795 17°2558 
"05824. 17°1693 
*05853 17°0837 
"05883 16°9989 
*O59I12 16°9150 
"05941 16°8319 
"05970 | 16°7496 
*05999 16°6681 
"06029 16°5873 
"06058 16°5074. 
06087 1642.82 
06116 16°3498 


"06145 16°2721 
06175 16°1952 
*06204 16°1189 
"06233 16°0434 
062.62 15°9686 
*06291 15°8945 
°06321 158211 
"06350 | 15°7483 
*06379 15°6762 
"06408 15°6047 
"06438 | 15°5339 
06467 | 1574638 
"06496 | 15°3942 
"06525 =| 15°3253 
"06554 | 15°2570 
06584. 15°1893 
*06613 I pie 
. 15°0557 
"06671 14°9897 
"06700 | 14°9244 
"06730 | 14°8596 
"06759 | 14°7953 
06788 14°7316 
06817 14°6685 
*06847 14°6059 
"06876 | 14°5438 
By 14°4822 
*00934 14°4212 
*06963 14°3606 
06993 14°3006 


Cotangent Tangent 


Tangent Cotangent 


"05620 | 17°7934 | 


me YPWR UM On 0 


86° o 


‘TANGENTIAL ANGLES FOR 
CIRCULAR CURVES. 
700 feet 
7 chains Radii. 
70 métres 
BENDS. 
Inone 66 feet chain 34 inches 
Rails18 ,, lengths z% ,, 
Inone 100 , chain 53 ,, 
Rails 18 ,, lengths 33 ,, 
SUPERELEVATION OF RAIIs. 


66 feet chain, 20m. per hour 33” 
100 feet chain, 25m. per hour 3}” 


86 DEGREES 


Left-hand No. of Right-hand 
Reading Chains Reading 
857° 57:2’ | 1 | 2° 28 
855) «54:4 1 4 5% 
353 517 | 12 | 6 88 
351 48:9 2 SDE 
849 461 | 21 | 10 138 
3847 43°4 3 12 166 
345 406 | 81 | 14 19-4 
343 37°8 4 | 16 22:2 
841 35:0 | 42 | 18 24:9 
339 32:3 5 20 27°7 
837 29:5 | 52 | 22 805 
835 26:7 6 24 33:3 
333 24:0 61 | 26 36:0 
331 21:2 7 28 388 
329 18-4 7i | 80) «41°6 
327 15°6 8 382 44:3 
325 129 | 82 | 84 47-1 
823 101 9 386 49°9 
321 7:3 | 92 | 88. 52:7 
319 ..45 | 10 40 554 
817 1:8 | 102 | 42 58-2 


314 590 | 11 | 45 1:0 
312 562 | 112 | 47 37 
310 535 |12 | 49 65 
308 507 | 123 | 51 98 


II. 
TABLE I GLES FOR 
, NTIAL AN VES. 
118 | TANGE} AR CUR 
= 4 DEGREES CIRCUL 
Tangent Bes re Kae | aa 
ee esc 14182 80 métres 
I A 51 "12 
5 | “plo oe ae 
+ *07139 13°9507 6 feet chain ” 
5 "07168 brad In one 6 1 engths $ 
6 *O7197 13°837 * 18 ” ff 43 ” 
Fal vigese, 13°7820 Rails hain 
, “07256 13°7267 100 , ¢ hs 3% ” 
3 | so7ais ‘6718 In one lengths 
Io "07314 “io ails 18 99 RaIts. 
4) oaks coe R ATION OF Ay 
13 oth 1374506 fencer? 5m. per hour a4 
4 bicide 13°4038 hain, 2 r hour $ 
s "07461 13°3515 66 feet c in, 25m. pe 
16 "07490 13°2995 t chain, 
a7 "07519 13°2480 100 fee ight-hand 
xe "07548 13°1968 of toate 
19 "07578 13°1461 ig Sat 
20 607 ones Left-hand Ch . A7-4! 
ee ae! 13°0487 Reading : 1 8 
22 07665 12°9961 er a 3 34 
23 orto 12.°9469 358° 19 : 1 5 93°3 
"0772 f F ; 
25 Bhi ator 356 ribs 13 7 o7 
wil See r2'80t4 354 aie 2 8 57:1 
Bl ee | ea ssi 2s | 25 | 8 ora 
29 ABO 26591 351 2°8 3 2 32:0 
3° 899 12°6123 9 15:4 31 t 19:4 
Ben. sda 12°5659 34 8-0 f 14 8 
32 07953 T2°5199 3847 2 4 16 6 
33 07987 12°4742 5 4-5 41 54:3 
oe a sat 124288 34 53-1 bi) 17) 3 17 
el kes 12°3837 343 BT | 5 19 4 
a7 | tors Bae 340 88 tbs a1 20 
fe) od 5 6 16: 
39 08103 uray 338 ae RO pene 
gs | cote Se or be nS ‘a 
a Bee eee 334 5 ee aay FS 28 38 
4 e839 | 1305 : 333 8 i| 8 30 963 
a rt 119503 331 ite 83 39 °: 
68 a! . 
" 8307 11867 ret 46°3 a 34 ae 
49 8456 wv g 8 || 382 58°8 f 30 6-0 
11°7853 3 825 10 37 3 
5° 08485 11°7447 7 11°4 1 3-4 
5 8514 11°7045 6 824 ‘0 103 5! ae 
Si | Bead ear | 3 chee: he Be 
5 Ir" 4 . 
55 one rrsiio | 318 49-1 12 | 49 157 
6 seeks aon I 3 1:7 q 44 
57 “08690 1174684 oe oN vada 2 | 125 
58 08720 Esa 315 14 
Piha basis 
85 Drcrexs 


TABLE ITI. 119 


5 Drernns 
. ae : TANGENTIAL ANGLES FOR 
angent |Cotangen 
e | simp | ram | 6 CIRCULAR CURVES. 

I xe) 1°391 9 
2 ‘08807 11°3 539 58 900 feet 

"088 II‘31 5 ° ee 
5 08895 112471 55 90 métres 
6 08925 pi 54 

"08954. I1r'1680 53 
g *08983 I1'1316 52 BENDS. 
16 | -ogoqa | trosog | go || Inone 66 feet chain 23 inches 
11 | "09071 110236 49 Rails 18 ,, lengths toy 
12 *OgIol 10°9881 48 a 
13 | ‘09130 | 10°9528 47 || Inone 100 ,, chain 4 ,, 


14 | ‘09159 | 10°9177 46 . 
15 *Oog189 10°8829 45 Rails 18 


16 09218 10°8482 44 
17 | 09247 | 10°8138 43 SUPERELEVATION OF Ratz, 


19 | *09306 | 10°7456 al 66 feet chain, 25m. per hour 4” 
100 feet chain, 35m. per hour 5” 


» lengths 43 ,, 


23 09423 10°6118 37 
24 | *09453 | 10°5788 36 Left-hand No. of | Right-hand 
25 "09482, 10°5461 35 Reading Chains Reading 
26 *OOSTI 10°5136 34 i : " ; 
az | ropser | roasin | 33 | 858° 24:5 1 | 1° 85:5 
29 *09600 10°4171 31 856 49°0 1 3 11:0 
Bs) 9: | sF9°9853 5° BH 185} 12 a 
Ba eke | po tke | ak B58. B80 2 6 22-0 
33 | voo7ty | rorzg2 | 47 | 302 20 | 2g 7 57°5 
st ee | ys | 850 27.8 9 330 
36 "09805 10°1987 24 3848 51°35 34 11 84 
37 | 109834 | toes | 33 | 347 160 | 4. | 12 439 
39 | coos. |, toro | at | 845 405 | 43 | 14 19-4 
oo) ers | OR ae ST Oo ee ee 
Bt OF i Soter te ak S42 eOOee | BS: (tT. Bae 
aS} meat) |. igrotes p87 oh BA OST 6 19 59 
44 | rome | go | is 389 186 | 6b | 20 41-4 
46 dais dea s 337 431 a 22 16:9 
4 | ies | Sage| a || 886 76 | 7% | 23 524 
49 | ‘ror’ | g'8104 | mr | 3384 821 | 8 25° 27-9 
eee for 332 566 | 81 197 34 
eames | o7eo) 2h 881 “211 | 9 | 88 Bae 
53 | roses | oy | 7 | 329 456 | 92 | 80 144 
ful ests | ooes ) 5 47828 101 | 10 1.81 498 
56 | "10393 refee 4 3826 34°6 vi = eh 
Sex| aes) 9 324 591 
3 | same | Seco} 1 | 393 23-7 | 112 | 36 368 
Ro} tos10 ||. 95148 | 4 | p01 482 | 12 | 38 118 
Cotangent| Tangent 
320 12:7 | 123) | 39 47:3 
84 DEGREES | 


120 


TABLE UII 


6 DEGREES 


Lal 
OO OIA HAW HH Q 


Tangent |Cotangent 


*IO5IO 9°5143 
"10540 9°4878 
“10569 9°4614 
“T0599 9°4351 
*10628 9°4090 
*10658 9°3830 


"10687 9°3572 
"10716 9°3315 
"10746 9°3059 
°10775 g°2805 
"10805 ‘| 9 9°2553 
*10834. 9°2301 
*10863 g°2051 
*10893 91802 
“10922 9°I555 
“10952 9°1309 
"10981 9°1064, 
*IIOII 9'0821 
*11040 9°0578 
“11070 9°9337 
"11099 g°0098 
“11128 8°9859 
*I1158 $9622 
*I1187 $°9386 
“11217 8°g152 
112.46 $8918 
*11276 88686 
“11305 8°8455 
"11335 $°8225 
"11364 8°7996 
"11394 8°7768 


"11423 8°7542 
"11453 8°7317 
"11482 8°7093 
*IIS11 8°6870 
"11541 8°6648 
*I11570 8°6427 
*11600 8°6207 
*11629 8°5989 
"11659 8°5771 
"11688 8°5555 


11718 8°5340 
“11747 85125 
“11777 8°4912 
"11806 8°4.700 
*11836 8°4489 
"11865 8°4279 
"11895 8°407 
"11924 8°3862 
“11954 8°3655 
“11983 8°3449 
"12013 8°3244 
*12042 8°3040 
*12072 82837 
*I2Z101 8°2635 
*I2Z131 8°2.434 
"12160 $°2.234 
"12190 8°2035 
*12219 8°1837 
*12249 $°1639 
*12278 8°1443 
Cotangent| Tangent 


TANGENTIAL ANGLES FOR |}: 


CIRCULAR CURVES, 
1000 feet 
10 chains | 
100 métres 
* BENDS. . 
In one 66 feet chain 23 inches 
Rails18 ,, lengths 42 ,, 
In one 100 ,, chain 33 ,, 
Rails18 ,, lengths 4 ,, 


SUPERELEVATION OF RAIZS, 


66 feet chain, 830m. per hour 53” 
100 feet chain, 35m. per hour 437 


On RWR NA OWI COO 


. © 
we 
Oo” we 


83 DEGREES 


Left-hand No. of Right-hand 
Reading Chains Reading 
358° B41’ | 2 | 1° 25:9F 
357s 8:1 1 2. SE9 
355 422] 12 | 4 178 
354 16:2 2 5 43°8 
352 503 | 22 | 7 OF 
351 24:3 3 8 385°7 
349 584 | 82 [10 16 
848 82°4 4 11° 27°5 
347 65 | 42 | 12 535 
345 406 | 5 | 14 19-4 
344 146 | 5L | 15 45:4 
342 49-7 6 17 11:3 
341 227 | 62 | 18 87:3 
339 56°8 7 20 32 
338 30° | 72 | 21 291 
$37. 749. | 8" aR BG 
335 889 | 82 | 24 21-0 
334 13:0 9 25. 47:0 
832 47:1 91 | 27 13:0 
331) 2irk +10 28 38:9 
329 552/10 | 30 48 
328 29°21 11 31 80°83 
327. 33 | 11h | 82 567 
325 37:3 | 12 34 22°6 
824 11:4 | 121 | 35 48:6 


TABLE III 121 


7 Drcrens 


WO ONINA MWR HO 


Tangent |Cotangent 
*12278 8°1443 
°12308 8°1248 
12338 8°1053 
*12367 8°0860 
*12397 8°0667 
*12.426 8°0475 


12456 8°0284 
12485 8°0094 
12515 7°99°5 
12544 7°9717 
12574 7°953° 
12603 | 7°9343 
12633 | 7°9158 
on 773973 
12 7°°7 

12722 7.8606 
12751 7°8424. 


13047 7°6646 
13076 | 7°6473 
13106 7°6300 


13343 | 7°4946 
13372 7°4780 
13402 7°4015 
13432 74452 
13461 7°4287 
13491 74123 
13521 7°3961 


13 7°3478 
13639 7°3318 
13669 7°3160 
13698 7°3001 


me PWR MN Ow CO 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES. 
1500 feet 
15 chains | aa 
150 métres 
BENDS. 
In } 66 feet chain 14 inches 
Rails 18 ,, lengths 3, ,, 
In 4 100 , chain 2} , 
Rails 18 ,, lengths 4 ,, 


SUPERELEVATION OF RAIZs. 


66 feet chain, 35m. per hour 43” 
100 feet chain, 35m. per hour 33” 


82° o 


82 DEGREES 


Left-hand No. of Right-hand 
Reading Chains Reading 
359° 2-7’ | 2 | 0° 57:3! 
358 = 54 1 1 54:6 
357. 81} 12 | 2 519 
3856 10°8 2 3 49-2 
855 13:5 23 4 46°5 
354 16:2 3 5 43°8 
853 189 3s 6. 41:1 
852. 21°6 4 7 384 
351 24:3 4} 8 35°6 
350 27:0 5 9 ~32°9 
349 29-7 54 | 10 3802 
348 32°4 6 11 243 
347 35:1 6} | 12- 248 
346 37°8 7 13° 22°1 
345 406 | 7h | 14 19-4 
344 43°2 8 15° 16:7 
343 46:0 | 8} | 16 14:0 
342 48:7 9 17.- 11:3 
341 514 | 91 118 86 
840 54:1 | 10 19;- «da 
339 568 | 102 | 20 82 
838 59°5 | 11 22... 03 
338 22 | 112 | 21 578 
Sa7, 49 | 22 5d:1 
8386 7-6 | 122 | 28 52-4 


oe, é TIT. } 
TABLE S FOR | 
129 GENTIAL ES 
8 DzcreEs TAN ULAR CURVES. 
are otangent bo! CIRC , ; 
Tangen 00 fee ii, 
eee de se chains} es 
i) een cone 57 200 métres 
= 8 Ben 770987 ee 
bed se 54 Danes. in 5 inches 
A Tae 1 eos a 66 feet chain . 
a ee oo | oat arin lengths: te" 9 
8 raat eocke 50 Rails 18 ” hate 73 ” 
10 ree pel Mai In one 100 ,, hs ¢ 4 
143 6'9395 lengt 
12 | “14410 igo Mia Rails 18, ILS, 
4 | ‘iim | Gone | RELEVATION oF Ra oy” 
15 *14499 6:3827 44 SuPE < 5 per hour 
14529 6°8687 ns t chain, 85 i. ur 23” 
16 "14559 6°8547 ve 66 fee in, 35 m. per ho 
18 | -14s83 a6) | 40 100 feet chain, 3 
te 
i 29 of | Right-hand 
it Nal at 67806 37 “Reading | Chains | Be .9/ 
22 14987 7 ts 3 Reading 1° 25:9 
a | came | me | x la 19 
5 | um | 6 ; | 3 || 358° 844 2 | 
: *14826 pte - 81 4 178 
26 "14856 6-ai78 32 357 3 43°8 
=) 4 Stag “s 355 wil 4 S 9°7 
ca ai 2598 a3 || 854 «16 5 7 356 
30 ced i tps 28 852 50°3 6 8 16... 
31 *15005 6°6514 - a2 51 24°3 10 
32 *15034 6°6383 3 “4 q 1 "O75 
33 "15064 62.52 25 49 58 1 . 
44 rs 6°625 “ahs 39-4 8 12 535 
ee |e ee 06 | 10 | 14 194 
0 | se | ome) 2 ss a6 | 20 | 14 194 
38 15213 Gaia 20 146 1 17 11°3 
40 | 115243 oat | 2 Bae 487 | 12 18 37-2 
15272 "5350 342 13 . 
| sm | 653% a | 22-7 20 32 
m4 me 65056 15 se 56°8 21 me 
I 6°497 ; 
pH ‘8 55 
| ssa: | cate | x | 880 49 | 16 | 2 21.0 
46 15451 6'4596 ve 337 : 17 47:0 
43 15481 6°4472 1 885 (88-9 18 25 2°9 
se | 15540 | Gand 2 | 834 13-0 19 | 27 re 
en ee Gace | 8 eet acai can ae 4:8 
S| ae | ae) 329 55-2 | 21 | 80 307 
ee 6377 | 5 reap eg Met a 7 
35 | “15689 3616 | 4 29:2 82 56 
el aa ios | 3 || 398 oe cee | ca a 
3 15749 6'3376 I 327 ; 24 48°6 
57 15779 6°3256 ° 5 87°3 35 
58 808 3 81° o 82 25 
ra o 6°3137 894 11°4 
i ss taseeal abe sc 


81 Ducrens 


TABLE III. 123 


9 DxrGREEs 


CIA MRW PHO 


"15838 6°3137 
*15868 6°3018 
*15898 6°2900 
"15928 6°2.782 
"15958 6°2665 
"15988 6°2548 
*16017 6°2432 
*16047 6°2316 
*16077 6°2200 
*16107 6'2085 
*16137 6°1970 
*16167 61855 
. 16196 6°1741 
*16226 6°1628 
*16256 61515 
*16286 6°1402. 
*16316 6°1289 
*16346 61177 
am | ie 
"16435 6°0844 
"16465 6°0733 
"16495 6°0623 
*16525 6°0514 
"16555 6°0405 
"16585 6°0296 
"16615 6°0187 
"16645 6*0079 


Tangent {Cotangent]| 


PWR HH ONT COO 


80° o 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, 


2500 feet 
25 chains Radii. 
250 métres 
BENDS, — 


In one 66 feet chain 4 inches 
Rails 18 ,, lengths ,, 
In one 100 ,, chain 6 ,, 


Rails18 ,, lengths, ,, 


SUPERELEVATION OF Rats. 


66 feet chain, 35m. per hour 27 
100 feet chain, 45m, per hour 8” 


Left-hand No. of Right-hand 


80 DrGREEs 


Reading Chains Reading 
358° 51:2’ 1 °°. oe 
357 42°5 2 17°5 
356 33°7 3 26°2 
355 25:0 4 35°0 
354 16:2 5 43°7 
353 75 6 52°5 
351 58°7 7 1:3 
350 50°0 8 10-0 
349 41:2 9 18°8 


348 32°5 10 
347 23°7 11 
346 15:0 12 
345 62 13 
343 57°5 14 
342 48:7 15 
341 40:0 16 
340 31:2 17 
339 22° 18 
338 13°7 19 21 
337 =—-50 20 22 
335 56:2 21 24 
334 47:5 22 25 12°5 
333 38°7 23 26 21°3 
332 30:0 24 27 30:0 
331 21:2 25 28 388 


DN I ool 
SOON DE WNMR OOOO OF Oo bo 
Or 
~ or 
i=) 


Cr Oo NO NO 
CON Se SD SPs by & 
OS NH S 09 O10 


F2 


124 


TABLE IItI. 


10 DrGREEs 


| Tangent |Cotangent 


*17633 5°6712 
"17663 26616 
"17693 5°6520 
°17723 5°6424 
"17753 5°6329 
“17783 5°6234 
*1'7813 5°6139 
°17843 | 5°6045 
°17873 5°5951 
*17903 5°5357 
°17933 5°5763 
‘17963 | 5°5670 
"17993 5°5577 
"18023 5°5485 
°18053 5°5392 
*18033 5°5300 


19166 5°2174 
19197 §°2092 
19227 5°2010 
19257 5°1929 
19287 5°1848 
19317 5*I 

19347 sraeh 
19378 | 5°1605 
1940 5°1525 
19438 5°1445 


Cotangent Tangent 


mM RW OH ANI OOO 


79° © 


—— 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, 


3000 feet 
30 chains Radii. 
800 métres 
BENDS. 


In one 66 feet chain 32 inches 
Rails 18 ,, lengths 3% 4, 

In one 100 ,, chain 5 ,, 
Rails 18 ,, lengths = ,, 


SUPERELEVATION OF Ratrts. 


66 feet chain, 40 m. per hour 3” 
100 feet chain, 45m. per hour 28” 


——— 


_ 79 Drerezs 


Left-hand No. of Right-hand 
Reading Chains Reading 
359° > 2°7! i 0° 57:3! 
858 = 54 2 (546. 
3857 = 81 3 51°9 
356 10°8 4 49°2 
855 13°5 5 46°5 
854 16:2 6 43°8 
353 18°9 7 41°1 
852 21°6 8 38°4 
3851 24:3 9 35°7 
350 27:0 10 33°0 


1 

2 

3 

4 

5 

6 

7 

8 

9 
349 29-7 11 | 10 302 
348 32:4 12. \°l1 Zee 
347 35°1 13 | 12 248 
346 37°9 14 | 13- 221 

345 40°6 15 | 14 

344 43:3 16 | 15 

343 46:0 1% a6 

342 48:7 18 | 17 

3841 51:4 19 | 18 
340 541 20 | 19. 59 
339 568 21 | 20 22 
338 595 22 | 21. 05 
. 78 
5'1 
2°4 


338 22 | 23 | 21 5 
387. «4:9 | 24 | 22 5S 
336 7:6 | 25 | 28 52 


TABLE IIT. 125 


11 Drerexs 


ay 11° 
4 


OIA uUbwW RHQ 


Tangent |Cotangent 
"19438 5°1445 
"19468 | 5°1365 
"19498 | 5°1286 
"19529 5°1206 
“19559 5°1127 


"19589 5°1049 
"19619 |. 5°0970 
"19649 | 570892 
*19680 5°0813 
“19710 5°073 
"19740 | 5°0658 
*19770 5°0580 
*19801 5°0503 
“19832 5°042 
*19861 5°0349 
"19891 | 5°0273 
*19921 5°O197 
*19952 5°0120 
“19982 | =5°0045 
20012 4" 
*20042 4°9894 
20073 | 4°9818 


20921 4°7797 
20952 4°7728 
20982 | 4°7659 
21013 4°759° 
21043 4°7521 
21073 4°7453 
21104 4°7385 
"21134 | = 4°7316 
21164 | 4°7249 
21195 4°7181 
"21225 4°7113 
21256 4°7 


= PWR UM OWI 000 


78° o 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES. 
3500 feet 
35 chains Radii. 
350 métres 
BrEnpds. 
In one 66 feet chain 22 inches 
Rails 18 ,, lengths 3 ,, 
Inone 100 ,, chain 43 , 
Rails 18 ,, lengths 3 ,, 


SUPERELEVATION oF RaAtIts. 


66 feet chain, 40m. per hour 24” 
100 feet chain,-45 m. per hour 23” 


Left-hand No. of Right-hand 
Reading Chains Reading 


78 DEGREES 


359° 10:9! 1 0° 49-1’ 
358 21:8 38:2 


1 
397 32°7 3 2 27:3 
356 43°6 4 3 16°4 
355 54:4 4) 4 59 
855 58 6 4 54:7 
354 16:2 7 5 43:8 
853 27°1 8 6 32:9 
352 38:0 9 7 22:0 
851 48-9 10 5) diet 
3850 598 LE 9. 0-2 
350 10°7 12 9 49-3 
349 21°6 13 10 38-4 
348 32:4 14 11 27°5 
347 43:3 15 12 16°6 
346 54:2 16 RS ae 
346 = Bl 17 13 54-9 
345 16°0 18 14 44:0 
344 26°9 19 15 33-1 
20 


343 37°8 
342 48°7 21 17 11:3 
341 59°6 22 18 O4 
341 104 23 18 49-5 
340 21°83 24 19 3386 
539 32:2 25 | 20 278 


126 


TABLE IIiI. 


12 DrGrReEss 


12° 


OO OA Uw Pe Q 


Tangent |Cotangent 


2.1864. 4°5736 
21895 4°5672 
21925 4°5 


Cotangent} Tangent 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, ; 


4000 feet 
40 chains | aa 
400 métres 
BENDS. 


In one 66 feet chain 23 inches — 
Rails18 ,, lengths 4 ,, 
In one 100 ,, chain 33 ,, 
Rails18 ,, lengths 4 y 


SUPERELEVATION OF Rats, | 


66 feet chain, 45 m. per hour 3” : 
100 feet chain, 50m. per hour 23” 


Os PWR UM OWT COO 


“I 
~ 
° 


77 DEGREES 


Left-hand No. of | Right-hand _ 
Reading Chains | Reading 
359° 17°0'| 1 | 0° 48-07 
858 34:0 2 1 25°9 
857 ‘Bil 3 > 3 
857s 81 4 2° tr9 
856  25°1 5 8 34:9 
355 42°2 6 4 178 
854 59-2 7 5 O8 
854 16:2 8 5 438°8 
853 33°2 9 6 26°7 
852 50°3 10 4 
S62" 78 11 i one 
351 24:3 12 8 35°7 
‘850 41°4 13 9 186 
849 58-4 14 10 1°6 
849 15:4 15 10 44°6 
848 32:4 16 Il. 2 
847 49°5 17 12 10°5 
347 6°5 18 12 585 
846 23°5 19 13 36° 
3845 40°6 20 14 194 
344 57-6 21 15 oe 
844 14:6 22 15 45:4 
848 31°6 23 16 28:3 
842 48:7 24 17. ita 
342 5-7 | 25 | 17 543. 


TABLE IIl. 127 


13 DrGREEs 


COON A MAWHRHE OE 


Tangent |Cotangent 
*23087 4°3314 
“23117 4°3257 
*23148 4°3200 
°23179 4°3142 
*23209 4°3085 
*23240 4°3029 
*23271 4°2972 
*23314 42915 
"23332 4°2859 
*2.3 363 4°2803 
*23393 4°2747 


"23424 | 4°2691 
"23455 4°2635 
"23485 | 4°2579 
°23516 | 4°2523 
23547 | 4°2468 


24039 | 4°15 
2. 4°15 
24100 | 4°1493 


2.4193 4°1335 
242.23 4°1282 
2.42.54. 4°3230 
2.4285 4°1177 
24316 4°1125 
24347 4°1073 
24377 41021 
24408 4° 

24439 | 4°0918 
24470 | 4'0866 
24501 4°0815 
24532 | 4°0763 


24593 4°0661 

2.4. 4°0610 
24655 | 4°0559 
2.4686 4°0509 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, 


4500 feet 
45 chains | maa 
450 métres 
BENDS, 


In one 66 feet chain 24 inches 
Rails 18 ,, lengths 4 _ ,, 

In one 100 ,, chain 3} ,, 
Rails 18 ,, lengths + 5 


SUPERELEVATION OF RAIZs, 


66 feet chain, 45 m. per hour 28” 
100 feet chain, 50m. per hour 23” 


Left-hand No. of Right-hand 
Reading Chains Reading 
359° 21°8’ 1 0° 38:2’ 
358 43°6 el 1 16°4 
358 3 =o4 3 1 54°6 
357 =27°2 4 2 32°8 
356 49-0 5 3 11:0 
356 101 6 38 49:2 
3855 32°6 7 4 27-4 
854 54°4 8 5 56 
854 16:2 2 5 43°83 
353 38:0 10 6 22:0 
852 59°8 11 fe | ap 
352. 21°6 12 7 388-4 
851 43°4 13 8 166 
851-52 14 8 54:7 
850 27:0 15 9 32:9 
3849 48°8 16 je we 
3849 10°6 17 10 49:3 
848 32°4 18: db 375 
3847 54:2 19 12 57 


347 16:0 20 | 12 43:9 
3846 37:9 21 | 18 22-1 
345 59-7 22 | 14 03 
3845 21°5 24 | 14 3885 
344 43:3 25 | 15 16°7 
344 51 26 | 15 54:9 


TABLE II. 
128 


| ES FOR 
14 Ducrexs | TANGENTIAL ye 
Tangent itis 60! CIRCULAR C . 
me) 
: 14° o! 124933 Geos 33 5000 feet ae 
| stoyg | Foon 7 50 chains } Radi 
3 *2.5026 3°9909 5 Atres 
"i — 3°9860 55 500 mé 
ee 811 54 
: 3°9 
z | ip | Sore i marRys tc i 
g | asa | soe | 5 In one 66 feet chain 2 inches | 
To | *25242 iar 49 100 chain 3 ” 
diy} 25273 | 3958 || Inone ” 
12 fos fe} 3°9471 Rats. 
5 
14 | 25360 pers 45 SUPERELEVATION OF nt 
15 | *25397 ase 44 in, 50m. per hour 24 | 
16 | 25428 tee pA 66 feet chain, 50m. hour 2/ 
AG Tiers aah I at a t chain, 50m. per hour 
2) 38 | Ba! 2] som 
20 "255 39 
3°9089 8 ht-hand 
See | ee oe titeed | Moot | aa 
te ligase 58947 35 Kemer! © 34-4! 
25 | “25707 os 34 ° 25-6’ 2 : 87 
26 25738 3.8806 33 309 12 2 1 3:1 
A a a 858 5 1 4 
4 *2.5800 saris 31 16-9 3 17°5 
29 | “258 5367 | 30 | 358 5 4 2 9 
30 "2.5862 ee 29 857 42 5 2 be 
I *2.5893 fr Ea 238 857 81 3 96°3 
32 ass | y85a8 | 27 856 337 | 6 i. a 
el ae ate ok 355. 098 | 7) 
36 *26017 ada 24 55 25-0 8 5 9°4 
36 | 26048 38344 ee ee 6 9 ‘8 
"26079 "8299 or 354 50 0 5 43 
3 abigr | yey | at 854 162 | 1 6 181 
A *26172 fae 19 353 41°8 - 6 52-5 
‘ *26203 dares 18 953 75 1 7 96-9 
4 "26235 ie 1S : 3+] 13 3 
eal seas dose ts « | 352 3 14 8. 2 
4 "26297 "7982 a 51 58:7 8 385d°7 
a5 | att rent 7 ri 24:3 | 15 9 10:0 
; 13 
fal vest Ke Mae ae ee 
a | 26a ses | 90 156 | 17 18°8 
"26452 ; 10 350 8 10 
ie 3°7759 ; 1 , 
SLUNG Gt laa 849 41:2 10 53-1 
: 26515 dns 8 349 6°8 19 1). 27a 
pi tt -ebaab het Z mS 20 9 
34 eons 3°7538 . AT 58:1 2 36:3 
pas 2.6639 once 4 br 237 22 P: 10°7 
57 || “abror foe head pert an | o4 | 18 450 
9 | are | sn | carck tae ee 
6a | -26r93 | 3°73 5 406 25 
" Cotangent Tangent 34 
75 Dscrers 


TABLE IIi. 129 


15 Drerers 


Tangent |Cotangent |* 


"26 3°7320 
26658 say? 
*26857 3°7233 
*2.6888 3°7190 
"26920 | 3°7147 
"26951 3°7104. 
*2.6982 3°7061 
*27013 3°7018 


271 3°6976 
°2.707 3°6933 
*2°7107 3°68g90 
*2.7138 3°6848 
Ba bt 3°6806 
°2.7201 3°6763 
"2.72.32 3°6721 
"27263 3°6679 
°2.72. 3°6637 
"2732 3°6595 
"27357 3°6553 
*2.7388 3°6512 
"27419 3°6470 


“27451 3°6428 
*2.7482 3°6387 
"27513 3°6346 


"275. 3°6304 
*2757  3°6263 
"2.7607 3°6222 


*2.7639 3°6181 
*2:7670 3°6140 
°2'7701 3" 

*2.7732 3°6058 
“27764. 3°6018 
27795 3°5977 
*2.7826 3°5937 
*27858 3°5896 
"27889 3°5856 


"27921 3°5815 
“2.795% 3°5775 
*27983 3°5735 
"28015 3°5695 
"28046 3°5055 
28077 3°5615 
*28109 3°5576 
"28140 3°5536 
"28172 3°5496 
*28203 3°5457 


*2.823 3°5417 
*2.82, 3°5378 
*28297 3°5339 
*28329 3°5300 
*28360 3°5260 


°2848: 3°5105 
"28517 3°5066 
2.8549 3°5027 
2.8580 3°4989 
28612 3°4950 
28643 3°4912 


Cotangent| Tangent 


= 
eC 


OM RWR MH ANT CO 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, 


5500 feet 
55 chains Radii, 
550 métres 


BENDS, 
Inone 66 feet chain 12 inches 
Inone 100 ,, chain 28 ,, 
SUPERELEVATION OF RaIZs. 


66 feet chain, 50m. per hour 2}/” 
100 feet chain, 50m. per hour 2” 


Left-hand No. of Right-hand 


74 DEGREES 


Reading Chains Reading 
359° 28-7! az 0° Sie" ; 
358 57°5 2 1 | 2h 
358 26°2 3 1 33°7 
3857 55 0 4 2 920 
357 23:7 i) 2 36°3 | 
356 52:5 6 3 7:5 
356 21:°2 7 3 387 
355 50-0 8 4 10:0 
$55. 18°7 9 4 41°35 
354 47°5 10 ye 125 
354 16:2 11 5 48°38 
3853 45°0 12 6 15:0 
353 138°7 18 6 46:3 
352 42:5 14 ten fi 
352° 11°2 15 7 48:8 
851 40:0 16 8 20°0 
351 87 iF 8 513 
350 3 =37°5 18 Go 2B6 
350 3=—6°2 19 9 5388 


349 34:9 20 10 250 
349 37 21 10 56:3 


348 32°4 22 1k). 275 
348 =1°2 23 11 588 
347 29°9 24 12 380-0 
346 58°7 25 13813 


F3 


130 TABLE III. 


SS a ae et | 


16 DscrEsEs . 
Tangent |Cotangent| TAN GENTIAL AN GLES FOR 
16° o | °28675 | 3°4874 60! CIRCULAR CURVES, 
2 | ens | iar | 38 
it tages | 3°4989 7 6000 feet 
DW ote || 5ahes zs 60 chains Radii. 
: che 34645 s4 600 métres 
8 | ‘28927 | 3°4570 52 
9 "28958 3°4532 51 BEnDs. 
IO | °28990 3°4495 50 : | 
11 | ‘29021 | 3°4457 49 || Inone 66 feet chain 1% inches 
1; | aeoae | ie | 4% || Inone 100 ,, chain 22 , 
14 29116 3°4345 46 
15 | ‘29147 | 3°4308 45 
16 | "29179 | 374271 44 SUPERELEVATION OF RAIIs. 
pee eel 3 , 
. "29274 “ie a 66 feet chain, 50 m. per hour 2}” } 
a Whigs dic Bie So ose 4° || 100 feet chain, 50 m. per hour 2” — 
21 | °29337 | 3°4086 39 } 
22 | °29368 | 3°4050 38 
23 | °29400 | 374013 37 
24 | "29432 | 3°3977 - Left-hand | No.of | Right-hand 
25 | 29463 | 3°3940 35 Reading Chains Reading 
xy | 29s | 380 | 33 > Bre 2 98-6 | 
| sapere | Seane 33 || 859° 313 1 | O° 286 
29 | "29690 | 3°3795 31 || 859 «2-7 2 0 57:3 
<i te v379 | 3° | B58 841 | 8 | 1 Boe 
So Viseses | S683 |) ak | O08) DA 4 | 1 546 
at ee | 236 | 3 | 857) 86% 5 2 23:2 
ze *2.9780 3°3580 25 357 8:1 6 2 SLD 
| wee | Bt] S| 336 tos | 8 | 8 492 
; 6 10: 8 49: 
8 
39 | ys | S3u7 | 3 | 355 422 | 9 | 4 178 
BN Ne, | acong | ag Ih eee 00 10 er 
pic ie |e Lae tes | ae 
3006 326 “4 
te | foopy | 5a06-.|- a5 |, 868 47-6. | 18 1 
vod Deeretngh Pai cu 3853 =18°9 14 6 41-1 
BIS erm Be ~ || 3852 503 15 i oe 
ol at en PR oe 1 | 852 21-6 16 7 38-4 
fy KAR Ne 851 53:0 | 17 | °8 7m 
eet wert eek eee 
038 ‘ 6 " : 
33 | soars | 32879 | 5 || 850 27:0 | 20 | 9 830 | 
$6.) 30486 1. a3RES 4 || 849 584 | 21 | 10) 16 | 
te | Sonn Clg anee 3 || 849 29-7 22 | 10 3802 
IR a Me ick) 849 =11 23 | 10 58-9 
onl | ES | | 
73. DEGREES 


rs bn I I nA 8 


A ay le a Et nt Rl ™ 


TABLE IIi. 131 


17 DrGrReEns 
Tangent [Cotangent TANGENTIAL ANGLES FOR 
17° FS | °30573 | 3°2708 60° CIRCULAR CURVES, 
Plea sete |. Se 
a AN A Bo 57 6500 feet 
: ons oe ie 65 chains Radii. 
6 | *307 3°2505 54 650 métres 
7 | °307 3°2471 53 
8 30828 3°2438 52 
2 fhe hor 4 BENDS. 
lh Bat Beg 49 In one 66 feet chain 14 inches 
3 it Saeed 47 Inone 100 ,, chain 23 4 
15 | "31051 | 3°2205 45 
16 | *31083 | 3°2172 44 SUPERELEVATION OF Ramis, 
17 3°2139 43 
“ : : 178 tact a 66 feet chain, 50 m. per hour 2” 
ORS ERRORS 4° || 100 feet chain, 50m. per hour 13” 
21 °31242 Moet 39 ? 4 
2a | "31274 | 3:1975 38 
bi obtatsss faire |i 36 
aj | Sine | Subr | 3s | teat | Beuct | Mentos 
gee ae 
a i ee ed a a dD We aT 
29 | °31498 | 3°1748 31 to Ra es | 2 0 52°9 
ool) Biagio eden 3° 1 358 40:7 3 1 193 
1 ae: 
. . 8 
tere, V tare | ae BBY OER 6 18 Bag 
36 sas 3°1523 24, 356 54:9 7 8 51 
ae ree | sae) 8 386 284 | 8 lB BES 
39 | °31818 | 3°1428 21 3856 3=2°0 9 3 58:0 
eee Pe eT er gee ep | 10 1 4) B44 
eae tu |S 
tet Nase e ts cof 8641 16201) 18°. B98 
|e ieee aplg BR Ties 14 || 353 49°8 14 6 102 
47 | 320% | 377 | 8 | 358 23:3 | 15 | 6 386-7 
49 | °32139 | 3°III5 II 352 56:9 16 7. 3841 
eee de ete hn gEo 804 1 17 | 7 BOS 
ea Shire als a 
51 he 1 5 
6 
5 | “32331 | 3099 | || 851 111 | 20 | 8 48-9 
56 32363 370899 4 350 44°7 21 9 153 
see soe) 2 p50. 18-2 | 22 | 9 418 
22 eae Pet mee 349 51°8 23 10 Ne 
849 25°3 24 10 384°6 
Co t!| T t 
er Tn 348 589 | 25 | 11 11 
72 DEGREES 


132 TABLE III: 


49 | °34075 2°9346 II Boo  27°1 16 


. £0 *34108 2°9318 bf) 
? : fie B58 95 nde 
51 | 34140 2°9290 
52 | *34173 2.°9263 
53 | °34205 2°9235 
54 | 34238 2°9207 
55 | °34270 2'9179 
56 | *34303 2°9152 
57 | °34335 29124. rn ). ¢ 
58 | °34367 | 2°9097 850 59:8 | 22 
59 | (34400 ci bee 390 35:2 23 
350 =10°7 24 


Cotangent| Tangent 


352 38°0 18 
802 13°4 19 
351 48°9 20 
351 24:3 21 


= RW MH OWI OO 


18 DEGREES : 
Tangent |Cotangent TANGENTIAL ANGLES FOR ) 
18° o | "32492 3°0776 60! y 
8 bak 24 CIRCULAR CURVES, 
2 | *32556 3°0716 58 
3 | 132588 3°0685 57 7000 feet 
4 | 32620 3°0655 56 : + 
5 | °32653 370625 55 70 chains } Radii, 
6 | °32685 30595 54 700 métres 
7 | °32717 3°0504 53 
8 | °32749 3°0534 52 
9 | "32782 3°0504. 51 BENDS. 
10 "32314 3°0474 50 
11 ae so44s 49 In one 66 feet chain 12 inches | 
12 °32 7 3°O41 4 j 
13 "32911 3°0385 3 In one 100 ” chain 24 ” 
14 | 32943 3°0355 46 
15 | *32975 3°0325 45 
16 | ‘33007 3°0296 44 SUPERELEVATION OF Ratrts, 
17 *33040 3'0266 43 
: kathy nor j 66 feet chain, 45 m. per hour 14” 
19 | ° 3" 41 , . 
. ‘0178 . 
Syst ae ent ee *° || 100 feet chain, 50m, per hour 1” 
21 "33168 3°0148 39 : 
22 °33201 Z°O119 38 
23 | °33233 30090 37 7 
A oe Pe Ste 36 Left-hand No. of | Right-hand | 
25 | *3329 370031 35 Reading Chains Reading | 
2 | BB | S| 8 | aoe 1 
3 4’ eo ae 
28 | "33395 | 2"9944 +4 399 35°4 1 0° 24:5 } 
1g | 13347 | 299t6 31 359 11:0 2 0 49°25 
3° va ie at 3858 46°3 3 1 13°69 
I ” i 
B] | 3) 2) or gra] 8 | 2 oe | 
33 . 2° 27 ~ x 7 : ti 
34 "33589 2°9771 26 : i « 6 3 q 
35 "33021 2°9743 25 3857 «382 2 .27 y 
36 133654 2°97 14 24. aot) es 7 2 Dim | 
Silas! | gee |. ey eoe 480 8 | 3 164 | 
39 | '33751 | 279628 ar || 856 19°0 9 3 41:0 | 
# | 33785 | ayo | 20 | 355 544 | 10 | 4 
I 3381 2.°9572 I Ss t 
| 38 | wos | 18 | 355 299 | 11 | 4 301 | 
ot 2°9515 17 5 . Be 
By steers oon 7 855 53 12 4 546 | 
45 | °33945 2°9459 15 854 40°83 |} 13 5 19% . 
46 133978 2°9430 14 354 162 14 5 43°30 
47 | °340 2"9402 3 ou 
| 34083 ae a4 8538 51°7 15 : 83 | 
6 
7 
7 
8 
8 
9 
9 
9 
Q 


3849 46:1 | 25 


71 DxcreEEs | 


— 


‘ 


TABLE IIL 133 


TANGENTIAL ANGLES FOR 
CIRCULAR CURVES, 


7500 feet 
75 chains | aa 
750 métres 
BENDS. 


In one 66 feet chain 13 inches 
Inone 100 ,, chain 2 ,, 
SUPERELEVATION OF Rats, 


66 feet chain, 45 m. per hour 13” 
100 feet chain, 50m. per hour 1” 


Left-hand No. of Right-hand 
Reading Chains Reading 


19 DrGReEs 
Tangent |Cotangent 
1990! | 34433 2.°9042 60! 
I "34465 2°QO14 59 
2 *34498 2°8987 58 
3 "34530 2°8959 57 
4 "34563 28932 56 
5 "34596 2°8905 55 
6 *34628 2°8878 54 
7 *34061 2°8851 53 
8 "34693 2°88 52 
9 "34726 | 2°87 51 
10 "34758 2°8769 5° 
11 *34791 2°3743 
12 *34823 2°8716 ‘3 
13 "34856 2°8689 47 
14 *34889 2.8662 46 
15 *34922 2°8635 45 
16 "34954 2.°8608 44 
17 "34987 2°3582 43 
18 *35020 2°8555 42 
19 *35052 2°8528 41 
20 "35085 2°8502 40 
21 *35118 2°8475 39 
22 "35150 2°8449 38 
23 "35183 2°8422 37 
24 | °35216 28396 36 
25 "35248 2°8370 35 
26 *35281 2.°8343 34 
27 °3531 2°8317 33 
28 "353 2°8291 32 
29 | *35379 2°8265 31 
30 35412 2°8239 30 
31 "35444 2°8213 29 
32 °35477 2°8187 28 
33 35510 2°8161 27 
34 | °35543 2°8135 26 
35 | °35576 | 2°8109 25 
36 *3 5608 2°8083 24 
37 | °3564% 2°8057 23 
33 | °35674 | 2°8031 22, 
39 *35707 2'8005 21 
429 | °35740 2.°7980 20 
41 35772 2°7954 19 
42 *35805 2°7928 18 
43 °35838 2°7903 17 
44 *35871 2°7877 16 
45 "35904 2°7852 15 
46 | ‘35937 | 2°7826 14 
47 | °35 2.°7801 13 
48 *36002 2°7776 12 
49 | °36035 2°7750 II 
50 “s 2°7725 10 
51 *36101 2°7'700 9 
52 | °36134 | 2°7674 8 
53 | 36167 | 2°7649 i! 
54 | ‘36199 | 2°7624 6 
55 *36232 2°7599 5 
56 | "36265 | 2°7574 4 
57 | *36298 | 2°7549 3 
58 "36331 2.°7 524 2 
59 36364 2°7499 I 
60 36397 2°7474 | 70° 0 
Cotangent! Tangent 
70 DrGRres 


859° 37:1" 1 0° 22°97 


3859 14:2 45°8 
3858 51:2 3 8:7 
358 28:3 4 31°7 
358 = od 5 54°6 
357 = 42°5 6 175 
557 = 19°6 7 40°4 
356 56°6 8 3°83 
3856 383°7 9 26°3 
356 10°8 10 49°2 
855 47°9 11 12°1 
395 25:0 12 35°0 
855 21 13 

354 391 14 20°8 


354 16:2 15 
358 53°38 16 
853 -380°4 17 
8538 7D 18 
352 44°5 19 
392 21°6 20 
851 587 21 
851 35°8 22 
351 12°9 23 
3850 50:0 24 
350 27:0 25 


OWODDANNDAHD OOP Sf Co 09 COD NH SHO 
or 
~] 
te} 


134 TABLE IItl. 


20 DrcrREEs 
Tangent | Cotangent, TANGENTIAL ANGLES FOR 
2kof | °36397 2°7474 60/ 
1 | *36430 2°7449 59 CIRCULAR CURVES. - 
2 *36463 2.°7425 58 
b | soso | stars | 
Sud. hésea 1 aysto is Radius 80 chains, 
e | al | te | 
3 "730 
g *36661 2°72.77 52 BEND 8. 
9 2°7252 51 


10 cP 2°7228 50 In one 66 feet chain 14 inch 


II *36760 2°72.03 49 A 
12 | *36793 2°7179 48 || mone 100 ,, chain 13 ,, 


13 *36826 2°7154 47 
14 "36859 2°7130 46 
15 | *36892 | 2°7106 45 SUPERELEVATION OF RaIZLs, 
16 36925 2°7081 44 


ef apes Sees cts ae 66 feet chain, 50m. per hour 1)” 
22 | act | abo8e | fo || 100 feet chain, 50m. per hour 1” 


21 37090 2°6961 39 

22 37123 2.°6937 38 

23 37157 2°6913 37 

24 "37190 2.6889 36 Left-hand No. of Right-hand 
25 *37223 2.6865 35 Reading Chains Reading 
26 37256 2°6841 34 


ay | “3789 | 26817 | 33 | 359° 88-5’ | 1 0° 21:5 
Br tice ges fa: 4889. 470 43-0 
dl OE, tel Mac 3° || 858 55°5 3 4°4 
REX (pe Gia! nag Mier gst, Se 4 25-9 
33 | “37488 se a 858 12°6 5 AT*4 
36 *37687 2°6604 24 3857 29°6 7 80°4 
37 "37620 2°6581 23 857 8-1 8 51°9 
39 *37687 2.°6534 21 3856 46°6 9 13°4 

10 


40 *37720 2°6510 20 856 251 84:9 

41 °37754 2°6487 19 356 3°6 11 56-3 
3778 6 3 

43 | 37m x60 7 | 855 42:2 | 12 17°8 

45. | "37887 | 26304 | 15 || 855 2071 | 18 39°3 


46 *37920 26371 14 854 59-2 14 
vt 37933 a'0548 3 || 3854 387-7 15 
49 | *38020 2.°6302 1m | 854 16-2 16 
dead a sai dare ae Vaated Nie) dias Sy dime ae 


DWOAANINNAODMNIOO SP S09 DNDN Ree Oo 
om) 
(oe) 


Be ee | at base sre as) 
53 | 38153 | 2°6210 7 : ¥ 8 
| Siso | Fos | 5 | 852 50:3 | 20 97 
56 38253 wine 4 352 28°8 21 31:2 
Speed” | haneags 3 | 852.73 22 52°7 
go | 138353 ee bp 6 851 45°8 23 14:2 
Cotangent} Tangent 351 24°3 24 30°7 
3851 = -2°8 25 571 


69 DEGREES 


TABLE IIt. 135 


21 Decrees 
Tangent |Cotangent | TANGENTIAL ANGLES FOR 
ee Anes) oeaet | CIRCULAR CURVES. 
; | ah | Fe | 
4 | 38320 | 2"5960 56 Radius 85 chains, 
5 *38553 2.°5938 55 
7 | we ade | 8 
ee ae 7 
10 | “38721 | 25826 5° | Inone 66 feet chain 14 inch 
1 3054 ett He Inone 100 ,, chain 12 ,, 
13 38821 2°5759 47 
14 38854 2°5737 
SET URSRORE ES ur B°S2E4 45 SUPERELEVATION OF RalIts, 
16 380921 2°5692 44 
18 33088 pr a 66 feet chain, 50m. per hour 14” 
a oake or & 100 feet chain, 50m. per hour 1” 
21 39088 2.°5 582 39 
22 39122 2°5560 38 
23 39156 2°5538 37 ; 
24 | *39186 | 2°5516 | = 36 Left-hand No.of | Right-hand 
25 *39223 2°5495 35 Reading Chains Reading 
6 : 6 4 , 
21 | “39290 2345 33 || 359° 39-87 | 1 | 0° 20-27 
29 | “30387 | 23408 | 3: || 859 19:5 0 40-4 
30 | °39391 2°5386 30 || 858 =59°3 3 1 66 
31 | 139425 | 2'5304 | 29 || 858 389-1 4 1 208 
3 ge vest | ay | 858 189] 5 | 1 41 
2 ° . 
35 | "39559 2°5278 25 357 587 6 : a0e 
36 | "39593 | 2°5257 24 || 807 38-4 7 
37 kisim rier 23 || 3857 18:2 8 2 41°8 
Srl actet| Casi fo Se B56 58-0 9 3 20 
a Seorey, dg ig 20 || 356 37°38 10 3 22:2 
ey ere | Se 8 BR IT PY a 3 424 
. . 8 
| sho | soy | iy | 855 573 | 12 | 4 26 
Bas | ssqtod | artsy. | te 1) 808 87-1 | 18 4 pel 
46 "39930 2°5044 14 355 16:9 14 4 
47 | (3993 | 21502 | 3 | 854 56-7 | 15 5 33 
io) toot | aneo | 854 86-4 | ig | B 286 
ers fee Fe Bae 16-9 17 5 438 
Seer 152 ee 2 3538 560] 18 6 40 
3 #0166 =p 7 | 353 858] 19 | 6 242 
a Be eee HE Bia s || 8538 156 | 20 6 44-4 
56 40267 24834 4 852 55°3 21 7 47 
AE aye Mal po et 3 | 852 385°1 | 22 7 249 
ae lxioey lindane r || 352 149 | 23 | 7 465-4 
Go | “40403 | 2°4750 | 68° || gry 54-7 | 94 8 53 
ate me 351 343 | 25 | 8 25° 
68 DEGREES 


-136 TABLE IIif. 

22 DrcreEs 23 DEGREES 24 DrcREEs 

Tangent |Cotangent|| Tangent |Cotangent / Tangent Cotangent 
co "40403 24750 "42447 | 2°3558 "44522 | 2°2460 60 
I "40436 2°4730 *42.481 2°3539 "44557 2°2442 59 
2 *40470 2.°4709 “42516 2.°3520 "44592 2°2.42.5 58 
3 "40504 | 2°4688 42550 | 2°3501 "44027 | 2°2407 57 
4 "40538 2.°4668 42584 | 2°3482 "44662 2°2390 56 
5 "40572 «| 2°4647 "42619 | 2°3463 "44697 | 22372 55 
6 "40606 | 2°4627 "42653 2°3444 "44732 | 2°2355 54 
7 "40640 | 24606 "42688 | 2°3425 "44707 | 2°2337 53 
8 "40673 2°4585 "42722 | 2°3406 "44802 | 2°2320 52 
9 *40707 2°4.565 "42756 | 2°3388 "44836 | 2°2303 51 
10 "40741 2°4545° 42791 2°3369 "44871 2'2285 50 
11 *40775 «| 24524 "42825 | 2°3350 "44906 | 2°2268 49 
12. *40809 2.4504. *42860 2°3331 "44941 2°2251 48 
13 "40843 2.°4483 42894 | 2°3313 "44976 | 22233 47 
14 *40877 2°4463 *42928 2°32.94 *45011 2.°2216 46 
15 "ZOQII | 2°4443 "42963 | 2°3275 "45046 | 2°2199 |. 45 
16 "40945 2.°4422 "42.997 2.°3256 "45081 2°2181 44 
17 *40979 | 2°4402 "43032 «| 2°3238 45116 | 2°2164 43 
18 "41013 | | 2°4382 "43 2°3219 "45151 | 2°2147 42 
19 *41047 2.°4362 "43101 2°3201 *45186 2°2130 41 
20 "41081 2.°4342 *43135 2°3182, "45221 2°2113 40 
21 “41115 | 2°4322 "43170 «| 2°3164 45256 | 2°2096 39 
22 “41149 | 2°4301 "43204 .| 2°3145 45291 2°2079 38 
23 *41183 2°4281 "43239 2.°3127 45326 2'2061 3 
24 "41217 2°4261 "43273 2°3108 4.5362 2°2044, 3 
25 "41251 24241 *43308 2.°3090 45397 22027 35 
26 “41285 2°4221 "43342 2°3071 45432 2°2010 34 
27 "41319 | 24201 "43377 «| 2°3053 45467 | 2°1993 33 
28 "41353 | 2°4181 "43412 | 2°3035 45502 | 2°1976 32 
29 "41387 2°4162 "43446 2°3016 45537 2°1959 31 
30 "41421 2°4142 "43481 2.°2998 "45572 | 2°1942 30 
31 "41455 2°4122 43515 2.°2980 45607 2.°1926 2 
32 "41489 | 2*4102 43550 | 2°2961 45642 | 2°1909 2 
33 "41524 2.°4082 "43585 2°2.943 45678 2°1892 27 
34 "41558 2°4.062 43619 2°2925 45713 2°1875 26 
35 “41592 2°4043 "43654 2°2.907 45748 2°1858 25 
36 *41626 2.°4023 *43688 2.°2889 "45783 2°1841 24 
37 *41660 2.°4003 °43723 2°2370 "45818 2°1825 23 
38 *41694 2°3984 *43758 2°2852 45353 2°1808 22 
39 41728 2°3964 43792 2.283 45889 | 2°1701 21 
40 41762 2°3944 43827 2°281 45924 2°1774 20 
41 "41797 | + 2°3925 43862 | 2°2798 "45959 | 2°1758 19 
42 "41831 2°3905 "43896 | 2°2780 "45994 | 2°I741 18 
43 "41865 2°3886 "43931 2°2762, *46030 2°1724 17 
44 *41899 2°3866 *43 2°2744 *46065 2°1708 16 
45 "41933 2.°3847 *44001 2.2726 *46100 2°1691 15 
46 "41968 2°3827 *44035 2°2708 "46135 2°1675 14 
47 *42.001 2°3808 *44070 2°2 “46171 2°1658 13 
48 *42036 2°3789 "44105 2.°2.673 462 2°1641 12 
49 42070 2°3769 "44140 2°2655 "46241 2°1625 II 
50 "42115 2°3750 44174. 22637 "462.77 2°1608 10 
51 "42139 «| 2°3731 "44209 «| 2°2619 "46312 | 2°1592 9 
52 "42173, «| 2°3711 "44244 | 2°2601 "46347 | 21576 8 
53 "42207 | 2°3692 "44279 | 2°258 "46383 | 2°1559 Ff 
54 "422.42 2°3673 "44313 2°25 "40418 | 2°1543 6 
55 "42276 | 2°3654 "44348 «| 2°2548 46453 | 2°1526 5 
56 42310 | 2°3634 || %44383 | 2°2530 "46489 | 2°I510 4 
7 42344 | 2°3615 "44418 | 2°2513 "46524 | 2°1494 3 
58 42379 | 2°3596 "44453 | 2°2495 "46559 | 2°1477 2 
59 42.413 2°3577 "44488 | 2°2477 46595 | 2°1461 I 
50 "42447 | 2°3558 "44522 | 22460 "46630 | 2°1445 ° 

Cotangent| Tangent Cotangent! Tangent ||Cotangent} Tangent ! 

67 Ducrers | 66 DrcreEs 65 DrernEs 


~~ —— 


=| — a 


———o oe a 
; 


TABLE IIlI. 137 

25 Dzcrens | 26 DucrErs 27 Drarens 

Tangent |Cotangent|) Tangent |Cotangent || Tangent |Cotangenti 
oS | °46630 | 2°1445 "48773 | 20503 "50952 | 1°9626 60! 
1 *46666 2.°1428 "488 2.°0487 *50989 1'°9612 59 
2 "40701 21412 *48845 20472 *51025 1°9597 58 
3 46737 | 2°1396 "48881 | | 2°0457 "51062 | = 1°9583 57 
+ "46772 | 2°1380 "48917 | 2°0442 "51099 | 1°9569 56 
5 "468 2.1363 "48953 | 2°0427 "51135 | 1°9555 55 
6 "46843 | 2°1347 "48989 «| 2°0412 “51172 1°9541 54 
h "46878 2°1331 "49025 2.°0397 "51209 1°9527 53 
3 “46914 2°1315 *49061 2.°0382 *51246 19513 52 
9 "46949 2°1299 *49097 2°03 “51282 1°9499 51 
10 "46985 2.°1283 "49133 2°03 52 "51319 1°9485 50 
II *47020 2°1267 ‘49169 2.°0337 *51356 1°9471 49 
12 *47056 2°1251 "492 2°0322 *51393 1°9457 48 
13 "47091 «| 2°1235 "49242 | 2°0307 "51429 | 1°9443 47 
14 "47127 2°1219 "492.78 2.°0292 "51466 1°9430 46 
15 "47163 2.°1203 "49314 | 2°0277 "51503 1°9416 45 
16 “47198 =| 2°1137 "49350 | 2°0263 "51540 | 1°9402 at 
17 "47234 2°117% "49386 2°0248 51577 1°9388 43 
18 "47269 «| 2°1155 "49423 | 2°0233 "51613 | 1°9374 42 
19 "47305 «| 2°1139 || *49459 | 2°0218 "51650 | 1°93 41 
20 | ‘47340 | 2°1123 || "49495 | 2°0203 "51087 | 1°9347 40 
21 47376 | 2°1107 "49531 =| 2°0189 *51724 | 1°9333 39 
22 "47412 2°1091 *49507 2°O174 *51761 1°9319 38 
23 "47447 2°1075 “4 2°O159 *51798 1°9305 37 
24 "47483 | -2°1059 "49640 | 2°0144 "51835 | = I"g291 36 
25 47519 2°1044 49676 2°0130 “51871 1°9278 35 
26 | °47554 | 2°1028 49712 | 2*0115 "51908 1°9264 34 
27 "47590 «| 2°1012 "49749 | 2°0100 "51945 | 1°9250 33 
28 "47626 | 2°0996 "49785 | 2°0086 "51982 1°9237 32 
29 *47661 2°OO81 49821 2.°0071 *52019 1°9223 31 
30 "47697 | 2°0965 "49858 | 2°0056 "52056 | 1°9209 30 
31 "47733 «| +2°0949 "49894 | 2°0042 *§2.093 1°9196 29 
32 47708 2.0934 *49930 2.°002.7 "52130 1°9182 28 
33 "47804 | 2°0918 "49967 | 2°0073 "52167 | 1°9168 27 
34 *47840 2.°0902 *50003 1°9998 "52.204 I'giss 26 
35 "47876 | 2°0887 "30039 «| = 1°9984 "52241 I'°gi4! 25 
36 “47911 2°0871 *50076 1°9969 "52278 1°9128 24 
3 *47947 2°0856 *SOlIZ 1°9955 "52315 1°QII4 23 
3 "47983 2.°0840 *50149 1*9940 52352 I*glor 22 
39 *48019 2.°0824 "50185 1°9926 "52389 1°9087 2 
40 "48055 2°0809 50221 I°QgII "52.426 1°9074 20 
41 "48090 | 2°0793 "50258 | 1°9897 "52464 | 1°9060 19 
42 *48126 2°0778 *502.94. 1°9882 *§2501 1°9047 18 
43 "48162 } 2°0763 50331 1°9868 *52.538 1°9033 17 
44 "48198 | 2°0747 "50367 | 19854 || “52575 | 1'9020 16 
45 "48234 2.°0732 *50404, 1°9839 "52612 1°9006 15 
46 *48270 2°0716 *50440 1°9825 *52649 1°8993 14 
47 "48306 20701 *50477 1°9810 *52686 1°8980 13 
48 "48341 20685 “50513 1°9796 “52724 1°8966 12 
49 "48377 20670 *50550 1°9782 "52761 1°8953 1 
50 "48413 2°0655 *50586 1'9768 *52.798 1°8939 10 
51 "48449 2°0640 *50623 1°9753 "52835 1°8926 9 
52 *48485 20624 "50659 1°9739 "52872 1°8913 8 
53 "48521 2" "50696 | = 1°9725 52910 | 1°8 7 
54 | °48557 | 2°0594 || °50732 | rg71r || *52947 | 178886 6 
55 "48593 | + 2°0578 "50769 | 1° 52984 | 1°8873 5 
56 *48629 2.°0563 *50806 1°9682 53021 1°8860 4 
57 "48665 2'0548 "50842 1°9668 "53059 «| 1°8846 3 
58 "48701 2°0533 "50879 1°9654. *53 1°8833 2 
59 *48737 2°O518 =| “50915 1°9640 *53133 1°8820 I 
60 48773 2°0503 || "50952 1'9626 53170 1°8807 fe) 

Cotangent| Tangent | Cotangent| Tangent ||Cotangent |Tangent 
64 DrerErs 63 DrGREEs 62 DxucRers 


138 TABLE III. 
28 DrGREEs 29 DEGREES 30 DrGrREEs 
Tangent |Cotangent|| Tangent )Cotangent || Tangent |Cotangent 
Oo | *53170 | 18807 |} "55430 | 1'8048 || 57735 | I°7320 | 60° 
I "53208 =| 18794 || °55 1°8025 °$7773 | 1°7308 59 
2 "53245 1°8780 *55506 1°8013 *57812 1°7. 58 
3 "53282 | 1°8767 || ‘55545 | 1°800r "57851 | 1°7285 57 
-4 | °53320 | 18754 || *55583 | 1°7998 "57890 ie 56 
5 °53357 | 1°8741 "55621 | 1°797 "57929 | 1° 55 
6 "53395 | 1°8728 "55659 =| 1°7966 "57967 | 1°7250 54 
7 "53432 1°8715 "55697 1°7954 "58006 | 1°7239 53 
8 "53469 1°8702 55735 1°7941 "58045 1°7227 52 
9 "53507 1°8689 "55773 1°7929 "58084 | 1°7216 51 
Io "53544 1°8676 55811 1°7917 "58123 1°7204 50 
II *53582 1*8662 55849 1°7905 *58162 1°7193 49 
12 *53619 1°8649 55888 1°7892 *58201 I°7181 48 
13 "53656 1°8636 *55926 1°7880 *58240 1°7170 47 
14 "53694 1°8623 "55964 1°7868 *§8279 «| 1°7158 
15 *53731 18610 *56002 1°7856 *58318 1°7147 45 
16 | °53769 | 18597 || “56040 | 1°7844 |) *58357 | 1°7135 4 
17 "53806 | 1°8534 || ‘56079 | 1°7831 "58396 | 1°7124 43 
18 "53844 | 1°8572 || “56117 | ¥°7819 || *58435 | 1°7T12 42 
1g | *53881 | 1°8559 || ‘56155 | 1°7807 "58474 | I°7101 4 
20 | "53919 | 1°8546 56193 | 1°7795 "58513 | "7090 40 
21 "53957 | 1°8533 "56232 | 1°7783 *58552 | 1°7078 3 
22 "53994 1°8520 56270 1°7771 "58591 1°7067 3 
23 "54032 1°8507 56308 1°7759 *58630 1°7055 3 
24 "54069 1°8494 "56347 I'77A7 *58669 1°7044 3 
25 "54107 | 1°8481 "56385 =| = 1°7735 "58708 =| 1°7033 35 
26 "54145 | 1°8468 "56423 | = 1°7723 *58747 | ¥°702% 34 
27 "54182 1°8456 *56462 | 1°7710 *58787 | I°7OIO 33 
28 *54220 1°8443 *c6500 1°7698 *58826  & 32 
29 "54257 | 1°8430 "56538 | 177686 "58865 «| =1°6987 31 
30 "54295 | 1°8417 "56577 | 7674 "58904 | 1°6976 30 
31 "54333 1°8404 "56615 | 1°7662 *58943 1°6965 29 
32 "54370 | 1°8392 "56654 | 1°7650 "58982 1°6954 2. 
33 "54408 | 1°8379 *56692 | 1°7639 "59022 | 1°6942 27 
34 "54446 | 1°8366 *56730 «| 1°7627 "59061 1°6931 
35 "54484 | 1°8353 "56769 | 1°7615 "59100 | 1°6920 25 
36 "54521 1°8341 “56807 | 1°7603 "59139 | 1 24 
37 "54559 | 1°8328 "56846 | 1°7591 "59179 | 1°6897 23 
38 "54597 1°8315 "56884 | 1°7579 "59218 1°6886 22 
39 "54035 1°8303 "56923 1°7567 "59257 | 1°6875 21 
40 "54672 1°8290 "56961 1°7555 "59296 | 1°6864 20 
41 "54710 | 1°8277 "57000 | = 1°7543 "59336 | 1°6853 1 
42 54748 1°8265 *57038 | -1°7531 °59375 | 1°6841 I 
43 | *54786 | 41°8252 || *57077 | 1°7520 || “59415 ] 1°6830 | 17 
44 | °54824 | 1°8240 57116 | 1°7508 |] "59454 | 16819 16 
45 "54861 | 18227 57154 | 17496 |} °59493 | 1°6808 15 
46 "54899 | 1°8215 "57193 1°7484 "59533 1°6797 14 
47 “54937 | 1°8202 °57230 | 1°7472 "59572 | 1°6786 13 
48 *54975 1°8189 *57270 | 17 “59011 16775 12 
49 "55013 1°8177 57399 1°7. "59651 1°6764 II 
50 *55051 1°8164 57347 1°7437 *59690 1°6752 10 
51 "55089 | 1°8152 "57386 | 1°7425 "59730 | 1°6741 2 
52 "55127 | 1°8139 57425 | 1°7413 "59769 | 1°6730 
53 "55165 | 1°8127 "57463 | 1°7402 "59809 | 1°671 Z 
54 "55202 | 3°8114 "57502 | 1°7390 "59848 | 1°670 
55 "55240 | 1°8102 "57541 | 1°7378 || *59888 | 1°6697 5 
56 "55278 | 1°8090 *57579 «| 1°7367 "59927 | 1°6686 4 
57 *55316 | 1°8077 "57618 =| 1°7355 "59967 | 1°6675 3 
58 "55354 | 18065 "57657 | 1°7343 "60006 | 1°6664 2 
59 "55392 1°8052 °57 1°7332 *60046 1°6653 1 
60 "55430 | 18040 "57735. | 1°7320 "60086 | 1° ° 
Cotangent| Tangent ||Cotangent| Tangent |\Cotangent|} Tangent 
61 DxzcrREeEs 60 DreREEs 59 DEGREES 


TABLE III. 139 
31 Drerzss 32 Drcrers 33 DrcRrErs 
Tangent |Cotangent |) Tangent |Cotangent |) Tan gent Cotangent 
fod *60086 1°6642 *62486 1°6003 "64940 1°5398 60’ 
1 *60125 1°6631 "62527 1°5992 *64982 175388 59 
2 *60165 1°6620 "62567 1°5982 *65023 1°5379 58 
3 "60204 | 1°6609 "62608 =| 1°5972 "65064 | 1°5369 57 
4 "60244 | 1°6599 "62648 | 1°5961 "65106 | = 1°5359 56 
5 "60284 | 1°6588 "62689 =| 1°5951 65147 | 175349 55 
6 "60323 | «1°6577 62729 | 1°5941 "65189 | 1°5339 54 
7 "60363 1°6566 62770 1°5931 "65230 1°5330 53 
8 "604.03 1°6555 62810 1°5920 "652.72 1°5320 52 
9 "60442 1°6544. 62851 1*5910 65313 1°5310 51 
10 *60482 1°6533 62892 1°5900 65355 I°5301 50 
II "60522 1°6522 62932 1°5889 65396 1°5291 49 
12 60562 16511 62973 1°5879 65438 1°5281 48 
13 *60601 1°6501 63013 1°5869 65479 1°5271 47 
14 *60641 1°6490 63054. 1°5859 65521 1°5262 46 
15 "60681 1°6479 63095 1°5849 65562 | 1°5252 45 
16 "60721 1°6468 63135 1*5838 65 1°52.42 44 
17 "60761 1°6457 63176 1°5828 ‘et 1°5233 43 
18 *60800 1°6447 63217 1°5818 65687 1°5§223 42 
19 60840 1°6436 63258 1°5808 65729 1°5213 41 
20 *60880 1°6425 63298 1*5798 65771 1°5204 40 
24 "60920 | 1°6414 63339 1°5787 65812 | 1°5194 39 
22 "60960 | 1°6404 63380 | 1°5777 65854 | 1°5185 38 
23 “61000 | =1°6393 63421 | 1°5767 65896 | 1°5175 37 
24 61040 1°6382 63461 1°5757 65937 1°5165 36 
25 61080 | 1°6371 63502 | 1°5747 65979 | 1°5156 35 
26 61120 1°6361 "63543 1°5'737 "66021 1°5146 34 
27 61160 | 1°6350 "63584 | 1°5727 "66063 1°5137 33 
28 *61200 1°6339 "63625 1°5717 *66104, 1°5127 32 
29 612.40 1°6329 "63 1°5'706 "66146 I°5117 31 
30 61280 1°6318 63707 1°5696 66188 1°5108 30 
r 61320 1°6307 63747 1°5686 "66230 1*5098 29 
os *61360 1°6297 63788 1°5676 662.72 1*5089 28 
33 *61400 1°6286 63829 1°5666 66314 1°5079 27 
34 *61440 1°6275 6387¢ 1°5656 66356 1*5070 26 
35 61480 1°6265 63911 1°5646 66397 1*5060 25 
6 61520 1°6254 "63952 1°5636 66439 1°5051 24 
> 61560 1°62.44 "63993 1°5626 "66481 1°5041 23 
38 *61600 1°6233 "64034 1°5616 66523 1°5032 22, 
39 *61640 1°6223 *64075 1°5606 "66565 1°5022 21 
40 *61680 1°6212 64116 1°5596 *66607 1°5013 20 
; "61721 1°6201 "64157 1°5586 66649 1°5003 19 
8 "61761 16191 “64198 1°55'76 *66691 1°4994 18 
43 “61801 1°6180 "642.39 1°5566 "66733 1°4984. 17 
44 *61841 1°6170 64281 1°5556 *66775 1°4975 16 
45 “61881 16159 "64322 1°5546 "66817 1°4 15 
46 "61922 | 1°6149 "64363 | 1°5536 "66859 | 14956 14 
47 *61962 1°6138 "644.04 1°5526 *66902 1°4947 13 
43 "62002 1°6128 "64445 1°5516 "66944 1°4937 12 
49 "62.042 1°6117 "64486 1°5507 "66986 1°4928 11 
50 "62083 1°6107 *64527 1°5497 "67028 1°4919 10 
I "62123 I" "64569 | 1°5487 "67070 | 1°4909 
es "62163 1°6086 64610 1°5477 “67112 1*4900 3 
53 62204 1°6076 "64651 1°5467 "67155 1*4890 7 
54 "62244 1°6065 *64) 1°5457 "67197 1°4881 6 
55 62284 | 1°6055 "64734 | 1°5447 67239 | 1°4872 5 
56 "62325 | 1°6044 *64775 1°5437 "67281 | 174862 4 
57 "62365 1°6034. "64816 1°5428 "67323 1°4853 3 
58 *62.406 1'6024. *64858 1°5418 673 1°4844 2 
59 “62, 1°6013 *64899 1°5408 67408 1°4834 1 
60 "62.486 1°6003 0 1°5398 67450 1°4825 ° 
Cotangent | Tangent Cotangent Tangent ||\Cotangent| Tangent 
57 DncGress 56 DrcGREEs 


58 DEGREES 


140 TABLE IIlti, 
34 DEGREES 85 DEGREES | 86 DrerREEs 
Tangent |Cotangt || Tangent |Cotangent ‘Tangent Cotangent| 

rod *67450 1°4825 *70020 1°4281 | 72654 1°3763 60 
1 "67493 1°4816 "70064 1°4272 *72698 | 1°3755 59 
2 "67535 1°4807 *70107 1°4263 "72.743 1°3746 58 
3 °67577 1°4797 70150 1°425 72787 1°3738 57 
4 | 67620 | 1°4788 70194 | 1°42 72832 | 1°3730 56 
5 "67662 1°4779 70237 1°4237 72876 1°3721 55 
6 | °67705 | 1°4769 7o28r | 1°4228 "72921 | 1°3713 54 
7 "67747 | 1.4760 70324 | 1°4219 "72965 | 1°3705 53 
8 "67789 «| -1°4751 70368 | 1°4210 "73010 | 1°3696 52 
9 *67832 | 1°4742 70411 1°4202 "73055 | 1°3688 51 
10 "67874 | 1°4732 79455 | 1°4193 °73099 | 1°3679 50 
II "67917 | 1°4723 "70498 =| 1°4184 73144 | 1°3671 

12 ©7959 1°4714 Seas py © °73188 ee 8 
13 002 | 1°4705 *705 : 73233 1°365. 47 
14 68045 1°4696 *70629 | = 1°4158 73278 13646 46 
15 68087 | 14686 || °70673 | 1°4149 73323 | £°3638 45 
16 "68130 «| =1°4677 *70716 | 1°4140 °73367 | 1°3629 44 
17 "68172 1°4668 70760 1°4132 73412 1°3621 43 
18 "68215 1°4659 70803 1°4123 73457 | 1°3613 42 
19 "68258 | 1°4650 70847 stele °73502 | 1°3605 41 
20 68300 | 1°4641 70891 1°41 °73546 | 1°3596 40 
21 "638343 1°4632 °70935 1°4097 "73591 1°3588 39 
22 "68386 | 1°4622 *70978 | 14088 °73636 =| 1°3580 38 
23 68428 1°4613 "71022 1°4080 "73681 1°3571 37 
24 68471 | 14604 71066 | 1°4071 °73726 | 1°3563 36 
25 68514 | 174595 7110 | 1°4062 "73771 1°3555 35 
26 *68556 1°4586 "71153 1°4054 73816 1°3547 34 
27 68599 | 1°4577 *71197 1°4045 °73861 1°3538 33 
28 68642 | 14568 "71241 | 1'4036 || 73906 | 1°3530 32 
29 68685 | 1°4559 "71285 =| | 1°4028 “73951 | 1°3522 31 
30 68728 | 1°4550 "71329 «| «1'40I9 °73996 | 1°3514 30 
31 "68770 | 1°4541 71373 I'4010 "74041 | 1°3506 29 
32 "68813 | 1°4531 "71417 | ¥'4002 |} *74086 | 1°3497 2 
33 *68856 1°4522 "71461 1°3993 *74131 1°3489 27 
34 68899 | 1°4513 "71505 | 1°3985 "74176 | 1°3481 26 
35 "68942 | 14504 "71548 | 1°3976 || “74221 | 1°3473 25 
36 "68985 1°4495 "71592 | 1°3967 "74266 | 1°3465 24 
37 "690238 =| 1°4486 *71636 =| =1°3959 74311 | 1°3456 23 
38 "69071 | 1°4477 “71681 | = 1°3950 "74356 | 1°3448 22 
39 "69114 | 174468 71725 | 1°3942 "74402 | 1°3440 21 
40 "69157 | 1°4459 "71769 | 1°3933 74447 | 13432 20 
41 *6g200 | 1°4450 71813 1°3925 74492 | 1°342 19 
42 | *69243 | 174441 "71857 | 13916 |) "74537 | 1°341 18 
43 "69286 1°4432 71901 1°3907 "74582 | 1°3407 17 
44 "69329 1°4423 71945 1°3899 °74628 | 1°3399 16 
45 "69372 14414 71989 | 13890 "74673 | 1°3391 15 
46 "69415 1°4405 72.033 1°3882 74718 | 1°3383 14 
47 "69458 1°4397 72078 | 1°3873 74764 | 1°3375 13 
43 *69501 1°4388 72122 1°3865 "74809 1°3367 12 
49 | °695 1°4379 72166 | 1°3856 || "74854 | 1°3359 11 
50 *69588 1°4370 72210 1°3848 *74900 1°3351 10 
51 | "69631 | 1°4361 "72255 | 33839 || "74945 | 1°3342 9 
§2 | *69674 | 14352 || °72299 | 1°3831 ‘74991 | 1°333 8 
53 "69717 | 1°4343 72343 | 1°3822 "75036 | 1°332 7 
54 | ‘69760 | 1°4334 72387 | 1°3814 || *75082 | 1°3318 6 
55 "69804 | 1°4325 72432 | 1°3806 75127 | 1°3310 5 
56 "69847 | 1°4316 *72476 | 1°3797 75173 1*3302 4 
57 *69890 1°4308 "72521 1°3789 "75218 ¥*37 3 
58 *69934 | 1°4299 72565 1°3780 75264 | 1°32 2 
59 *69977 1°4290 "72609 | 1°3772 75309 | 1°3278 I 
60 "70020 1°4281 72654 1°3763 "75355 1°3270 ° 

Cotangent| Tangent jCaterigent Tangent |/Cotangent| Tangent 
55 DEGREES 54 DEGREES 53 DEGREES 
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TABLE III. 
37 Dxcress 88 Drcrers 39 Dxrcrezs 
Tangent |Cotangent|; Tangent | Cotangent | Tangent |Cotangent 
J °75355 1°3270 °78128 1'°2799 || + “80978 1°2348 60! 
I *75401 1°32.62 "78175 1°2791 | *81026 1°2341 59 
2 75446 1°325 *782.22, 1°27 4 *81074. 1°233 58 
3 "75492 153246 *78269 12776 || *81123 1°232) 57 
4 °75537 1°3238 78316 1°2768 “81171 1°2319 56 
5 "75583 1°3230 *78363 1'2761 *81219 1°2312 55 
6 *75629 «| 1°3222 °78410 | 1'2753 "81267 | 1°2304 54 
7 *75675 1°321 784.57 1'2745 *81316 1°2297 53 
8 "75720 1°32 "78504 1'2738 "81364 1'2290 52 
9 75766 1°3198 78551 1°2730 "81412 12283 51 
10 *75812 1°3190 *78598 1°2722 *81461 1°2275 50 
II 75858 1°3182 "73645 1'2715 "81509 12.268 49 
12 *75904. 1°317. *78692 1°2707 "81558 1'2261 48 
13 °75949 131 °78739 1°2700 "81606 1°2253 47 
14 "75995 | 1°3158 "78786 | 1°2692 "81654 | 1°2246 46 
15 *76041 I°3150 78833 1°2684 *81703 1°2239 45 
16 *76087 1°3142 *78880 1°2677 "81751 1°2232 44 
17 *76133 1°313 78928 1°2669 *81800 1°2224 43 
18 *76179 1°312 *78975 1°2652 "81849 1°2217 42 
19 *7622.5 1°3118 *79022 1°2654 *81897 1°2210 41 
20 “762.71 I'Zz11t *79069 1'2647 *81946 1°2203 40 
21 *76317 1°3103 “79117 1'2639 "81994 1°2195 39 
22 *76363 1°3095 "79164. 1'2631 "82043 1°2188 33 
23 *76409 1°3087 "79211 1°262 *82092 1'2181 37 
24, "78455 1°3079 "792.59 1°261 *82140 1°21 74 36 
25 *76501 1°3071 *79306 1'2609 "82189 1°21 35 
26 "76548 1°3063 *79353 1°2601 "82238 I'2159 34 
27 *76594 1°3055 °79401 1°2594 “82287 1°2152 33 
28 *76640 1°3047 °79448 1°2586 "82335 1°2145 32 
29 *76686 | 173040 *79496 | 1°2579 "82384 «| 1°2138 31 
30 76732 1°3032 79543 1°2571 82.433 1°2130 30 
31 76778 1°302 "79591 1'256 "82482 1°2123 29 
32 7682.5 1°301 *79638 Paces 82531 1°2116 28 
33 76871 ¥*3008 *79686 1°2549 *82580 I'2109 27 
34 76917 1°3000 "79733 1°2541 "82629 1°2102 26 
35 "76964 | 1°2993 79781 12534 "82678 =| 1°2095 25 
36 "77010 1°2985 *79828 1°2526 *82.727 1°2087 24 
37 *77056 1'2977 *798'76 1°2519 *82.776 1°2080 23 
38 “77103 1°2969 *79924. 1°2511 "82825 1°2073 22 
39 "77149 1'2961 *79971 1°250, "82874 1°2066 21 
40 "77295 1°2954 "80019 I 2496 "82923 1°2059 20 
41 "77242 1°2946 *80067 1'2489 *82972 1°2052 1g 
42 77288 1'2938 *801I5 1°2482 *83021 1°2045 18 
43 °77335 1°2930 80162 12474 83070 1°2037 17 
44 *77381 1°2922 80210 1'2467 83119 1°2030 16 
45 77428 1'2915 *80258 1°2.459 83169 1°2023 15 
46 7174.74 1°2907 80306 1°2452 83218 1'2016 14 
47 *77521 1°2899 *80354 12444. *83267 1°2009 13 
48 *77567 1°2891 *80402 1°2437 83316 1'2.002 12 
49 "77014 1°2884. *80449 1°2430 83366 11995 II 
50 77661 1°2876 "80497 1°2422 || °83415 1°1988 10 
51 °77797 1'2868 "80545 12415 || °83464 1*1g81 9 
52 77754 | 1'2860 "80593 12407 | °83514 3 8 
53 *77801 1°2853 *80641 12409 | | *83 563 I'l 7 
54 "77847 | 12845 "80689 | 1'2393 | 83612 | 1°1959 6 
55 77894 1°2837 *80737 1°2385 83662 1°1952 5 
56 “77941 1°2830 "80785 1°2378 83711 1°1945 4 
57 77988 1°2822, *80834 1°2371 83761 I°1938 3 
58 "78034 12814 *80882, 1°2.363 83810 T1931 2 
59 78081 1°2807 *80930 1'2356 83860 1°1924 1 
60 *78128 1'2799 "80978 1°2348 83909 I'IQ17 ° 
\Cotangent! Tangent ||\Cotangent| Tangent |Cotangent, Tangent 
52 DuerEEs | 51 Drcrens 50 DrcrEEs 
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40 DrcrErs 41 DxcreEEs 42 Drcress 
Tangent |Cotangent || Tangent |Cotangent || Tangent |Cotangent 
o *83909 VIQI7 *86922 1°1503 *g0040 I'1106 60’ 
I "83959 =| I*IgI0 "86979 | 1°1496 "90093 11099 5 
2 *84009 1°1903 *87030 1*1490 "90145 1°1093 5 
3 *84058 118 "87082 1°1483 "90198 1°1086 5 
4 *84108 1°1889 *87133 1°1476 ||" °go251 1'1080 5 
5 *84158 1°18382 *87184 1°1469 *90304 1°1073 55 
6 "84207 | 1'1875 "87235 | 11463 "90356 | 1°1067 54 
7 "84257 1°1868 87286 1°1456 90409 I"1060 53 
8 *84307 1°1861 87338 1°1449 90462 1°1054 52 
9 "84357 11854 87389 1°1443 goss 1°1047 51 
10 *84406 1°1847 87440 1°1436 90568 I*1041 50 
11 *84456 1°1840 87492 1°1429 *90621 1°1034 49 
12 *84506 1°1833 87543 1°1422 "90674. 1*1028 48 
13 84556 1°1826 87594 1°1416 °90727 1°1022 47 
14 *84606 11819 87646 1*1409 *90780 I‘IO1g 46 
15 *84656 11812 *87697 1°1402 90833 1009 45 
16 *84706 1°1805 87749 1°1396 "90886 I‘T002, 44 
17 "84756 1'T798 7800 1°1389 "90939 1°0996 43 
18 *84806 1°79! 87852 1°1382 *90993 1°0989 42 
19 "84856 1°1784 87903 1°1376 g1046 1°0983 41 
20 8 1°1777 87955 | 1°1369 gtogg | 1°0977 40 
21 "84956 1°I770 *88006 1°1362 Q1152 1°0970 39 
22 *85006 aiobe *88058 1°1356 giz0o5 =|, 10964 38 
23 *85056 1°1756 "88110 1°1349 91259 1°0957 37 
24 *85106 1'1749 "88161 1°1342 O1312 10951 36 
25 *85156 1°1743 88213 1°1336 91365 1°0945 35 
26 *85207 1°1736 88265 1°1329 91419 1°0938 34 
27 "85257 1°1729 88317 1°1322 91472 1°0932 33 
28 *85307 1°I722 88368 1°1316 *91526 1'0925 32 
29 85357 11715 88420 1°1309 "91579 1'0919 31 
30 *85408 1°1708 *88472 1°1302 *91633% | 10913 30 
31 "85458 I*I701 se 1'1296 91686 1°0906 29 
32 "85508 1°1694 "8857 1°1289 91740 1*0900 28 
33 *85559 1°1687 "88628 1°1283 91793 1°0893 27 
34 *85609 1°1680 "88680 1'1276 91847 1°0887 26 
35 "85659 1°1674 88732 1*1269 91901 1'O881 25 
36 *85710 1'166 "8878 1°12.63 91954 1°0874, 24 
37 *85760 + i66o 88536 1°1256 92008 1°0868 23 
38 "85811 1°1653 *888388 1°1250 92.062 1°0862 22 
39 "85861 1°1646 *88940 1°1243 *Q2115 1'0855 21 
40 *85912 1°1639 *88992 1°1266 "92169 1°0849 20 
41 *85962 1°1632 *890. I°I230 "92223 1°0843 19 
42 *86013 vibes “80096 1°1223 92277 1°0836 18 
43 "86064. 11619 *89148 I°I217 92331 1°0830 17 
44 "86114 1°1612 "89201 1'I210 92385 1°0824 16 
45 *86165 1°1605 89253 1°1204 *92.439 1°0817 15 
46 "86216 1°1598 *8930$ I‘l197 92493 1811 14 
47 *86266 I'I5g *89357 I*r190 92547 1°0805 13 
48 *86317 1°1585 *89410 1°1184 *92601 1°0799 12 
49 *86368 1°1578 *89462 1°1177 92655 1°0792 11 
50 *86419 11571 "89515 Ir171 92709 1°0786 10 
51 *86470 1'1564 *89567 1°1164 192.763 1°0780 9 
52 *86520 1°1557 *89619 I'r158 "92817 1°0773 8 
53 86571 1155 *89672 11151 92871 1°0767 Me 
54 "86622 1°1544 *89724 11145 92925 1'0761 6 
55 "86673 1°1537 89777 1°1138 92979 | 10755 5 
56 86724 I*I530 *89829 1°1132 93034 1'0748 4 
57 *80775 1°1523 *89882 WII25 93088 1°0742 3 
58 *86826 11517 *89935 11119 93142 1°0736 2 
59 "86877 I‘I510 *89987 Is112 93197 1'0729 I 
60 *86928 1°1503 *goo40 1°1106 93251 1°0723 ° 
Cotangent! Tangent ||Cotangent | Tangent ||Cotangent| Tangent 
49 Drcrexs 48 DnGREES 47 DEGREES 


ae 
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43 Drerexs 44 Drcrnss 
Tangent Cotangent Tangent Cotangent 
of 93251 1°0723 "96568 1°0355 60! 
: "93305 1'0717 "96625 1'0349 59 
2 *933 10711 "96681 1°0343 58 
3 "93414 10704 ‘96737 1°0337 57 
| 4 93 1°0698 "96793 1°0331 56 
5 "93523 1'0692 "96850 1°0325 55 
6 93578 1°0686 *96906 10319 54 
z "93632 10680 "96963 1°0313 53 
"93687 1'0673 "97019 1°0307 52 
9 93742 1°0667 *97076 1°0301 51 
Io "93796 1'0661 "97132 1°0295 50 
II "93851 1°0655 "97189 1°0289 49 
12 *93906 10648 "97245 170283 48 
13 "93961 I" "97302 1°0277 47 
14 "94015 1°0636 "97359 10271 46 
15 "94070 1°0630 "97415 10265 45 
| 16 "94125 1°0624. "97472 1°0259 44 
17 "94180 1°0617 97529 10253 43 
} 18 "94235 10611 "97585 1°O2.47 42 
, 19 "942.90 1°0605 "97642 10241 41 
20 "94345 1°0599 "97699 1°0235 40 
21 . 1°0593 °97756 10229 39 
22 °9445 1°0587 *97813 1°0223 38 
23 "94510 1*0580 "97870 1°O217 37 
24 "94565 1°05 74 "97927 Tou1t 36 
25 *94620 1°0568 97984 1°0205 35 
26 "94675 1°0562 "98041 10199 34 
27 "94730 1°0556 "98098 1°0193 33 
23 *94785 10550 98155 1'0187 32 
29 "94841 1°0543 "98212 I’orgi 31 
30 "94896 10537 98269 10176 30 
31 "94951 1°0531 "98326 I‘O170 29 
32 *95007 1°0525 *98384. 10164 28 
33 *95062 0519 "98441 l’ors8 27 
34 *O51I7 1°0513 *98498 1'0152 26 
35 "95173 10507 # "98556 1°0146 25 
36 95228 biel x0) | *98613 1‘0140 24 
37 "95284 1°0494 98670 1°0134 23 
33 95339 10488 98728 1°0128 22 
39 °95395 1°0482 98785 1°0122 21 
F 490 "95450 1°0476 "98843 I'Ol17 20 
41 *95506 1°0470 *98900 Torr 19 
42 *95562 170464 “98958 1‘O105 18 
43 “95617 1'0458 "99015 10099 17 
4 "95673 1°0452 "99°73 1°0093 16 
45 "95729 1°0446 "99131 1'0087 15 
46 "95784 1°0440 "99188 1’0081 14 
47 "95840 1°0433 Rion Bios 13 
“95 1°0427 *993 j 

49 "95952 10421 "99362 1°0064 11 
5° : 1°0415 "99419 1°0058 10 
51 ‘ 1°0409 *99477 1°0052, co) 
52 "96120 1°0403 "99535 1°0046 8 
53 *96176 1°0397 "99593 1°0040 zZ 

54 "96232 1°0391 "99651 1°0034 
55 "96238 110385 "99709 1°0029 5 
56 "96344 1°0379 "99767 1°0023 + 
57 "96400 1°0373 "99825 1°0017 3 
58 "96456 1°0367 "99883 T"oorl 2 
59 "96577. ¥°0361 "99941 1°0005 5 
60 *96568 1°0355 1°0000 1*0900 Qa 

Cotangent Tangent Cotangent Tangent 

46 Drcrers 45 DroreEEs 


ANGLES, RADIT, AND DISTANCES FOR RAILWAY CROSSINGS. 


144 


TABLE Iv. 


ty ——— 


Distance of Point of Switch from 
ais f. erhasiea Point of Recurvature, or Half-length | 
Crossing Angle Radius iota 

Gromiiig For 6 feet | For 7 feet For 8 feet ' 
between between between — 

Roads Roads Roads 

P Deg. Min.| Feet Ft. In. Feet Feet Feet 
lin 5/}11 26} 237; 47 O 51 53 55 
lin 6| 9 82/] 3841] 56 7 61 64 678 
lin 7| 8 10] 464] 65 10 72 75 78 
lin 8| 7 10] 603} 75 2 82 85 — 89 
lin 9} 6 21| 768} 84 11 92 96 100 
1inl0}. 5 44] 9388) 938 8| 102 106 111 
1linl2| 4 46] 1861] 113 1 123 129 135 
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SETTING OUT CURVES WITHOUT A 
" 'THEODOLITE, 


ON THE PRINCIPLE OF TANGENTIAL ANGLES, BY TANGENTS AND 
CORRESPONDING OFFSETS, CALCULATED FOR FIELD USE FROM 
THE SINES AND VERSINES OF THE ANGLES AT THE CENTRE. 


To many, even good practical engineers, there is an insuperable objection 
to the use of the Theodolite. For the purpose of setting out curves with- 
out this instrument, the annexed tables have been calculated, so that - 
the work may be done on the principle of tangents and tangential 
angles, merely by setting off the offsets from given distances on the 
tangents, such distances corresponding to the proper chainage on the 
curve. There are many engineers who still adhere to the old, very old, 
system of ranging curves by short chords of a chain in length, and then 
offsetting to the curve, and thus bending round at the length of every 
chain ; but all those who have actually done much field work, know how 
tedious and uncertain the system, and no one better than the writer, 
who used it some twenty-five years ago, in setting out many miles of 
curves in a very hilly country. The tables here given do away with all 
uncertainty, and the work may be done rapidly and with accuracy. 

In the accompanying diagram, p. 146, let A Brepresent a chain’s length 
on any circular curve, and let B c be a second chain’s length on suchcurve; 
let pA be tangent to the curve at the point a, and let & be the centre 
of the curve. The angle at the centre BEA is equal to twice the angle 
BAD, and, similarly, the angle c HA is equal to twice the anglecaD; BF 
is the sine of the angle Bz A, and Fa is the versine of the same angle; 
and cc is the sine of the angle cz 4, of which @ A is the versine. 

The sines BF and c@ are parallel to the tangent aD, and the versines 
Fa and GA are at right-angles to ap. 

On AD, set off a H, equal to ¥ B, and also Hn’, equal to GH; now, if from 
H we set off the right-angled offset u», equal to ar, and from u', the 
right-angled offset u' c, equal to AG, we get two points on the curve, viz., 
B and ©, each one chain’s length from the other; for BA and cA are each 
equal to one chain. In the right-angled parallelogram B a, BH is equal to 
the versine ra of the angle BEA; and also in the right-angled paral- 

Ielogram ¢ A, H’¢ is equal to the versine ac of the anglecua, Any 
62 
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other number of points on the curve might have been obtained in the 
same manner. In the tables here given, the tabular ‘ tangents’ all cor- 
respond to aH, AH’, AH’, and aH’, &c.; and the tabular offsets all cor- 
respond to HB, H'c; u?’c!, H%c?, for different radii of curves, and 
for points along the curve distant half a chain each from each, so that a 
curve of any radius given in the tables may set out on the ground, with- 
out theodolite, with the greatest facility and with perfect accuracy by 
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any one who can chain with care and set off a right-angled offset, both 
simple operations, which even a good ganger is perfectly competent to 
accomplish, so that, with the tangent starting point, and the direction 
of the tangent being given on the ground, much time may often be saved. 

As an example, we will take a curve of 10 chains radius ;—referring 
still to the last figure, and to Table IV., let as be the first chain, Be 
the second, and cc! the third chain, &c. &c.; leaving the half chains out 
of the question for the present, we find the length of the first tangent to 
be 99°8, to which make a n equal ; make au! equal to 198°6, the length of 
the next tangent in the table ;—chaining still on in the directionap, make 
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au? equal to 295°5 for the length of tangent for the third chain n’, and 
then on to #’, leaving a mark at 389°4 for the fourth chain at 18, &e., &e. 

Referring now to the column of offsets, make u B equal to 5:0 links, 
which will give the length and direction of the first chain a B;— from ' set 
off #' cat right angles to a p, and make u' c equal to 19°9 links ; this will 
givethe length and the direction of the second chain u! c. Inthe next place, 
from x? set off x? c! at right-angles to a p ; from the column of offsets in 
the table, take out 44°7, the length of the offset due to the third chain, to 
which make x? c! equal; this will give the length and the direction of 
the third chain cc', and so on until we change the direction of the 
tangent. We now come to the operation of setting out a curve from one 
tangent to the other, as shown in fig. 2 on the next page, in which we 
will suppose the radius of the curve to be still ten chains. It may be 
observed here, as regards the actual meaning of the words ‘ chain,’ and 
‘link,’ that the length of chain may be 100 feet, or 100 links =66 feet, 
or 100 decimetres, it being only necessary, according as we are working 
on one or the other system, to have a chain of the proper length, and a 
ten feet, ten link, or ten decimetre rod, with each unit properly divided 
into tenths, so as to be able to do the work with sufficient accuracy. If, 
for instance, we havea ten ‘chain’ curve, then we shall use the ordinary 
66 feet chain and a ten link staff, properly divided; and if we have a 
curve of 1,000 feet radius, then we shall use the 100 feet chain, and a 
ten feet staff divided into feet and tenths, &c., &c. 

In the figure now referred to, it will be seen that it is here proposed 
to illustrate the two methods of setting out, that is, with and without 
theodolite, both systems being applications of practical mathematics in 
the field: in the one system we set out by angles and chords, and in the 
other by the lineal measurements of the angles only ; both systems will 
bring about exactly the same results if properly carried out. Commencing, 
then, at the very beginning of the work, we measure the angle a cz, and 
divide it by 2, which gives the angle aco; deduct this from 90° and we 
get the angle coa, to which ac is the tangent. 

Let the angle B cA measure 79°—36’, half of which is 39°—48’, equal . 
tooca; subtract this from 90°, and we shall have 50°—12’, equal to the 
angle coa, to which ca is the tangent. The first point we require 
is A; to find this we take out from Table III. the natural tangent 
of 50°—12’, which is 1°2002 ; this, multiplied by the radius of the curve, . 
gives the length of ca, which, measured off from ¢, fixes the point A; in 
the present case, 12002, multiplied by 10, gives 12°002, which, measured 
off along the tangent c A, fixes the point a. 

This preliminary settled, we may proceed with our work of setting out. 
The direction of ac having been carefully determined already, we have 
only to chain on from a to 1’, equal to 99°8, leaving there some small 
pig. (as of course we are supposed to do all along), and on to 2’, equal 
to 198°6, and to 3’, equal to 295°5, ..... . and so on to 6’, equal to 
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5646. We are here getting into obstructions of bushes and broken 
ground, and we will therefore set out a new tangent. Before doing this, 
however, we must set out the offsets which will determine the points on 
the curve. 

From 1’ set out 1/1, equal to 5°0; from 2’ set out 2/2, equal to 19°9; 
from 3! set out 3’3, equal to 44°7;..... and so on to 6’, where the 
offset 6’6 will be 174°5. It will be unnecessary to observe that the line 
A 6’ must be chained perfectly straight, and in line with the tangent a c, 
of which it forms a part, and that each point must be carefully set out 
at its correct length ; also that the offsets must be set off perfectly square 
to the tangent, which should be done with the cross-staff, and, of course, 
that the length must be accurately set out. 

With regard to turning the straight line, or getting a new tangent: 
the setting out has been stopped at the 6th chain, then set the cross- 
staff on the last tangent at 3’, and through the point 6 sight out the 
line from 3’, through 6, on and beyond 14’, according to the distance 


Fig. 3. 


we intend to run out. The chaining is now to be recommenced from 
the point 6; 6, 7’, is made equal to 99°8 ; 6, 8’, is made equal to 198°6; 6, 
9’, is made equal to 295°5; ........ and so on until we get to 14’, 
where the length is made equal to 717°4. The tabular offsets are set off 
in the same manner as already explained, until we get to 14’, 14, where 
the length of offset is 235°2. 

Here we propose again to set out a new tangent, and this is done in 
the same way as we did it last; this time, however, we have set out 8 
additional chains on the curve, therefore set up the cross-staff at 10’, and 
sight the new tangent through the point marked 14. 
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It is, of course, understood that the measurements given above, for the 
lengths of tangents and offsets, are taken from the tabular numbers given 
in the columns of tangents and of offsets in the Table, prepared for a 10 
chain curve, and that these tabular numbers have all been calculated 
from the sines and versines of the angles at the centre of the curve. 

It is a very common occurrence, when setting out work, to meet with 
obstructions on the ground. We have an illustration at fig. 3, where the 
tangent runs into and along the bank of a river. Set out the work from 
1 and 2 as before, and froma, set out a D exactly at right-angles to the 
tangent, and make ap some 8 or 10 feet, as convenient; in the next 
place, from any point B (carefully sighted on the tangent), set off Bo, 
exactly equal to ap; from 2 set off 2 n, exactly equal to ap and to BC; 
set up the cross-staff at p, and see that p, n, and c are all three exactly 
in line. From point © we can now set off from & to 3, 4, 5, &c. ; the off- 
sets set off from these points will merely be 8 or 10 feet shorter than they 
would have been otherwise. If the cross-staffis true, and the work is 


Fig. 4. 


carefully done, there will be no error. This method may also be adopted 
where the tangent runs along, or on the wrong side of a fence. 

In fig. 4, we have an illustration of a case requiring even more care 
than the last. Both the curve and the tangent run for 2 or 8 chains 
across a river. From 1, 2, and 3, set out the offsets as before. From 3 
set out 3 B, exactly at right angles to a 8, and observe both the angles 
B34 and B83 8 toensure that 8B 3 is really square to the tangent, as other- 
wise the work will be valueless. Make 3 8 some 2 or 8 full chains long, so 
that it may be somewhere about equal to 3c. Having done this, measure 
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the angle 3 8c with the box sextant; enter the observation in the field 
book, and then measure the angle 3c 3B: the two together should make 
up 90° ; if otherwise, the work has been badly done. 

Let the angle 38 c measure 52°—26’, and let 38 be exactly 2 chains. 
From p. 141 (Table II1.), take out the natural tangent of 52°—26’, equal 
to 1-300, and multiply it by 2, and we shall have 260 for the exact length 
of the line 3c. 

Now, let us suppose that we are setting out a 15 chain curve. By re- 
ferring to the proper Table, it will be found that for a 3, the length of the 
tangent set out, we have 298, which, added to the above 260, gives 558 
for the length from a to c. The next chainage on our tangent is, by 
the Table, equal to 584°1, and the difference between this and 558 is 
equal to 26°1; and if on the ground we set out this 26-1 in continuation 
from c, we get the point 6, from which we may set off the offset due to 
the curve, which is 118°4. Through 3 and 6’, we shall be able to set’ 
out a fresh tangent. 

The theory of setting out curves by tangential angles, or by the 
offsets given in the Tables, is very simple; but in practice, some discretion 
is required in applying the theory, so as to obtain the best results in the 
eusiest Way. 

In setting out with the theodolite, it is very desirable not to have to 
remove the instrument oftener than is absolutely necessary, and there- 
fore stations should be selected, from which as many stumps as possible 
' may be set out at once, 

In the subjoined figure, p. 152, we select a case in point. Curves gene- 
rally run along the sides of hills, so as to diminish the depths of cut- 
tings and heights of embankments; in the example given, we suppose 
the line to be in cutting. Let a and p be the points of junction with the 
tangents, a being the point from which the curve is to be run towards 
. D# Now it will be perceived that a is at the foot of the hill, and that 
there are five hedges to intersect, each of which will considerably impede 
the view, if the instrument be set up at a, unless gaps are cut for every 
stump to be set out ; and this kind of work always occasions a great 
deal of loss of time, unless very tall ranging rods are used, which we 
object to, because they are never held sufficiently upright.* But if, 
instead of being in the hollow at a, the instrument were placed on high 
ground, we should be able to look back, and down upon the work, 
so as to see over the hedges. If, for instance, the instrument were 
placed at B, at the higher ground-level, not only should we be able to 
do this, but obtain also an unimpeded view towards p, and thus, after 
fixing the point B, range out the whole of the curve from one single 


point. 


* The writer, in his practice of setting out works, hardly ever uses ranging rods, 
_ but prefers short pieces of white lath, which he always intersects close to the ground 
with the cross-hairs of the diaphragm of the theodolite, 
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From the plan we take into the field, we can easily ascertain whether 
this point, B, is at 8, 9, or 10 chains on the curve — it does not matter 
which. We will suppose that we select the 10th chain, and what we 
have now to do is to fix the point z, on the ground, from the point of 
junction a, which is at, say, 23 chains and 60 links. 

Now if from this point we can set out the line a8 correctly in length 
and direction, point s will be correctly fixed on the.ground. Since the 
junction, a, is at 23°60, the length of curve, from a to B, should be 
exactly 10°40. 


Fig. 5. 


For a curve of ten chains radius, the tangential angle for 1 chain is 
equal to 2° 61°9’ (Table IIT., p. 120); then for a length of 10°40 on 
the curve, the anglecas, to be set out, will be 2°51°9/x 10-40= 
29° 47-6’. This angle will accurately fix the direction as; therefore 
set up the theodolite at a, and set out this angle of 29° 47°6’; andas, in 
doing this, we shall be working from right to left on the instrument, 
the reading on the limb will be 360°0’ minus 29° 47:6’, equal to 
330° 12-4’ — the instrument being set up with o in the direction of c. 
We now want the length of the straight line 4 B, which is the chord of 
that portion of the curve. Now, the chord of an angle, or arc, is equal 
to twice the sine of half the angle subtended by such are, or chord; 
and the angle at the centre, which is the angle subtended by our are or 
portion of curve BA, is equal to twice the angle 29° 47:6’, and we 
have therefore to take twice the sine of this angle. At page 83, we find 
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the sine of 29°47/=:49672, and for 29°48’='49697; the mean of 
which (more than near enough for our work) will be *49684, equal to 
the sine of our tangential angle, or to the sine of half the angle sub- 
tended by the are or chord; and twice this sine multiplied by 2 
equal to ‘99368, and this multiplied by the ten-chain radius of curve, 
equal to 993°68, 993 links and #. According tothe care observed in 
chaining this distance, or the line a 8, so will the point B be more or 
less accurately set out on the curve; and as from this single point, the 
18 stumps on the curve may all be set out without removing the instru- 
ment, it is worth while to measure out this distance as carefully as 
possible. 

We will therefore suppose this portion of the work accomplished, and 
only further remark that it may be carefully carried out in the field in 
a much shorter time than it will take to read this explanation, when 
once the method is well understood. The half-chains have been left 
out in order to avoid confusion in the diagram, but for sharp curves 


~ these should always be set out. 


The instrument may now be removed to-point B, with the vernier 
clamped to 29° 47-6’, and the telescope turned on to a. The tangential 
angle, 2° 51:9’ x -40 (the distance from point a to stump 24), equal to 
1° 8-7’, and this deducted from 29° 47:6’ equal to 28° 38:9’, which is 
the reading for 10 chains (page 120), equal to the distance on the 
curve, from gp to 24. To this angle therefore the instrument is set, 
and peg 24 driven at the end of the chain from 23 to 24; the in- 
strument will now be set at 27° 13’ (94 chains), and peg 243 driven 
at the end of 243 chains. The vernier is next set at 25° 47’ (9 chains), 
and peg 25 driven in line with the centre of the telescope and at the 
end of chain from 24 to 25. The vernier is next made to read 24° 21’ 
(83 chains), and peg 253 is driven in the line pointed out by the in- 
strument, and at the end of 25} chains, &c.,"until we come to reading 
1° 25:9’, which will fix the stump between 33 and 34; and finally the 
yernier is brought to zero, which will fix the direction of the tangent 
to the curve at the point B. 

The telescope is now reversed, or turned over in its standards to set 
out the remainder of the curve. We are now going to read from right 
to left, and we take the column headed ‘Left-hand Reading.’ The first 
tabular number is 358° 34°1’ (4 chain), and this will fix the peg at 
341 chains; the next reading is 357° 8°1’ (1 chain), which will fix the 
direction at the end of 35th chain, and so on to the end of the curve. 

It will very often be found convenient to set out the whole of a curve 
with the theodolite from a single point in the middle of a curve, which 
may be done in the following manner. 

Referring to the diagrams at p,. 148, it will be seen that co is the 
secant to either of the equal angles aoc, noc; multiply the radius of 
curve by this natural secant, deduct radius, and the remainder will be 
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the distance from c, the intersection of the tangents, to the middle of 
the curve; set up the instrument at c, and lay out aline in the direction 
co, by dividing the angle acs exactly in two; on Co, set off the dis- 
tance found, from c to the middle of the curve. This part of the work 
may be very accurately tested, for each of the angles of deflection from the 
middle of the curve to the tangential points a and zB, should be found 
equal each to each, and their sum should be equal to the total angle 
of deflection ac, equal to half the external angle at c, which has 
always to be measured in order to set out the points a and B, from 
which the curve begins to deflect from each of the tangents. 

The total angle of deflection, caB, divided by the tangential angle 
for 1 chain, is equal to the length of the curve. We have now all that 
is required to enable us on many occasions to range from the middle of 
the curve every stump towards Aand B. Asan example, let the radius 
of a curve to be set out=20 chains; angle of deflection ca, equal to 
half the external angle at c,=25°—21'-226, half of which equal to 
12°— 40’-613 =angle of deflection from the middle of the curve to either 
point of junction, a or B. 
12°—40'613 


=1°— 25! “a aL 
945, and — 


Tangential angle for 1 chain = +1039 


= 8°85 chains = half length of curve. 
Let the distance from the last full chain stump to the commencement 


of curve measure 60 links; then we shall have 40 links of curve up to — 


the next full chain stump, and the half length of curve= 8:85—(0°40 + 8) 
= 0°45 =the distance from point 8 to the middle of the curve. 

The tangential angle due to 40 links = 85’-945 x 0-40 =0°— 34"-4. 

‘“ » 8 chains ba tae = 11°—27""56, 
the sum of hints deducted from the above 12°—40'-613, will leave 386 
for the tangential angle due to the a links from point 8 to the middle 
of the curve. 

Now plant the theodolite at the point ascertained as the middle of the 
curve, set the vernier to the angle of 12°—40’-5, and bring the glass to 
bear on the stump at the commencement of the curve; unclamp and set 
to 12°—6"2 (12°—40"6—34'4) for the next stump, and then to 
10°—40'2, for the following stump; and so on to the end of the curve. 


TABLE V. 


TABLE FOR SETTING OUT CURVES WITHOUT THEODOLITE, ON 
THE PRINCIPLE OF TANGENTIAL ANGLES, BY TANGENTS AND COR- 
RESPONDING OFFSETS, CALCULATED FOR PRACTICAL FIELD USE, 
FROM THE SINES AND VERSINES OF THE ANGLES AT THE CENTRES 
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CONTRACT EARTHWORK TABLES AND 
MEASURING UP. 


THE accompanying Earthwork Tables have been prepared with a view 
of sparing labour and economising time in computations not only of 
great length, but always of considerable importance in railway, road, and — 
other contracts, always requiring a great amount of checking before the 
calculations are considered as satisfactory. Having been worked out for 
every six inches in depth, they will be found to produce more accurate, 
and, in contract matters, more satisfactory results, than are usually ob- 
tained. During the last eighteen months the writer has had to take out 
contract quantities of earthwork on some long and heavy lines, and the 
contractors particularly requested that the calculations should be made 
on this system. The tables in ordinary use only give quantities for 
every foot in depth; those now submitted give the quantities for every 
six inches in depth: and when it is considered that in cuttings, say from 
30 to 35 feet deep, for every six inches in depth the quantities for the 
slopes only are upwards of 180 cubic yards, and for earthworks at 2 to 
1, and for the same depths, the differences are 250 cubic yards, it is not 
surprising that there has almost always been so much dissatisfaction 
in contract matters about earthwork calculations. 

To make this plainer, and at the same time explain the use of the 
tables, let the following few depths of cutting, from portion of a contract 
section, serve as an example. It is not that the most perfect accuracy 
of the tables in ordinary ‘tse is questioned; but they are not carried 
far enough, nor sufficiently detailed. 


: 
Formation, 20 feet ; slopes 13 to 1; 100 feet chain. 

I. 1. IIL. IV. 
31-90 
39°40) 8059°3 8059°3 32°05 
34°50 8496 8716°2 33°45 
38°20 10109 10105°1 36°35 
42°43 11859 12112°5 40°31 
46°68 14309 | 14297°7 44°65 
52°30 17281 17279°2 49°49 
49°42 17904 18227'8 50°82 
49°30 16968 17279°2 49°56 

106077°0 


In the above, Column I. gives the depths of the cutting in feet and 
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decimals, and Column II., the quantities in cubie yards, from the tables 
in ordinary use, Column III gives the quantities in cubic yards, taken 
from the accompanying tables, and due to the mean heights given in 
Column IV. Thus, 31:90 and 32°40 in Column I. give 32°05 for a mean 
depth in Column IV., and the tabular number in Table VI., for a forma- 
tion width of 20 feet, with 32 feet depth, gives 2370-4 cubic yards ; for 
the slope of 13 to 1, Table VII. gives 5688°9 cubic yards, at the same 
depth of 32 feet, and these two numbers, added together, 8059°3 cubic 
yards, entered in Column III. 

It will be observed of these tables, that the writer has adopted the 
plan of separating the quantities due to the formation width from those 
due to the slopes; this has enabled him to bring within a very small 
compass tables calculated for every six inches in depth up to 80 feet, 
for 10 different widths at formation, and for 8 different slopes; there is 
no other trouble in making use of them, than to pick out the tabular 
numbers and add them up, and the circumstance of their being calcu- 
lated to half a foot, makes them, in actual contract practice, much more 
accurate than tables calculated by the prismoidal formula for only every 
foot in depth, it being, of course, understood that in making use of these 
tables, it is to be done chain by chain of 100 feet along the length of 
section. 

It is also to be observed that the plan adopted of separating the forma- 
tion quantities from the slope quantities, offers great facilities in adjust- 
ing the balance of earthworks ; thatis, of widening embankments for the 
disposal of excess of cutting, or vice versd: and also where it is advisable 
to resort to side cutting in the formation of embankments in preference 
to extra cutting from the excavations, all allowance being made for the 
long haulage of empty waggons over steep gradients, which are now the 
rule instead of the exception. 

Every engineer knows the importance of cross sections in order to 
arrive at practically and satisfactorily accurate results in determining 
the quantities in heavy earthworks; he knows also that to obtain these 
results great care is required in plotting the cross sections of cuttings 
and embankments. Though the operation is exceedingly simple, he is 
equally well aware of the amount of time occupied in calculating the 
areas, and in checking the work. The Earthwork Tables here given will 
materially assist in reducing the time and care required in these opera- 
tions toa minimum. In the annexed figure, is a cutting in sidelying 
ground 35 feet deep at centre stump, but at a the depth scales only 
30°75 ; set off B A equal to 30°50, and the tables at once give the quantity 
in cubic yards due to the area aB’cp, leaving merely the area of the 
triangle ap to calculate. If the area aB’cn is calculated from the 
ezoss section, the quantities from.the tables will prove if an’, Bc, and 
cp have been correctly plotted, and the area accurately calculated ; the 
work will be safe from all chance of error. 
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In heavy earthworks, we are all aware that in preparing the quantities 
for the monthly certificates, the work of squaring up from measurements 
taken on the ground always occupies considerable time. Table I. of 


B B c 
Earthworks wiil be found to save much time in making these calculations, 
or in checking them, as the annexed figures will show. In fig. A, let.a 
be 12 feet wide and 165 feet high, then, by Table VI., we have 666°7 
cubic yards due to this area; let b be 30 feet mean width, and 10 feet 


mean height ; twice 15= 30; on the 10 feet in column 30 we have 555°6 
cubic yards, and this, multiplied by 2, gives 1111:2 cubic yards for the 
portion 4; let the portion ¢ be 65 feet mean width, and 9 feet mean 
height ; we may take twice 24 plus 17 =67 by 8, and we shall have— 

71171 

71171 

503°7 


———— 


1925°9 


And for the whole area of A we shall have— 
Cubic yards, 
a= 666°7 
6=1111°2 
c=1925'9 


3703°'8=A, 
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At the next point of measurement determined on, let the cross section 
be as in fig B. Leta be 12 feet wide and 163 feet high; for this first 


_ portion we get from Table VI., opposite 16°5, 733-0 cubic yards ; for let 


the mean width agreed to be 50 feet, and depth 20; then 24 plus 26 being 
equal to 50, we take out from opposite 20 feet deep 1777°8 cubic yards, 
a 
4 


Ss a ig 


ff 
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and 1925°9 cubic yards=3703°7 cubic yards ; for portion ¢ let the mean 
width and mean height be 98 feet and 10 feet; then for width we shall 
have four times 20 and 18=98, which will give from the tables 2962-8 
and 666°7, equal to 3629°5 cubic yards. For the whole due to area B, 
we shall have— 
a= "733°8 
b= 3703°7 
¢=3629°5 


8066°5 cubic yards=B. 
The mean of 3703°8 and 8066°5 is equal to 5885 cubic yards, being 


the quantity upon a length of 100 feet. But let us suppose that it is 190 
feet instead of 100 ; then we take the 90 as a decimal, and we shall havye— 


5885 
1°9 


5296°5 
5885 


111815 cubic yards. 
We will conclude by an apology to engineers for the details above 


' given; but they will be so good as to remember that these pages will 
_ come into the hands of students, and even of working men, and that, 


necessarily, explanations must be full and simple. 
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ae TABLE VIII. 
GRADIENTS. 


After laying down the gradients on a working section, we have to 
calculate the rise or fall chain by chain; on a line of only 10 miles in 
length this involves about 800 calculations, each of four or five figures, 
and as accuracy is imperative in this matter, the whole of the work has 
to be carefully checked. All those who have had to go through this 
operation, know the amount of labour it involves. It will be seen by a 
glance at Table VIII. that the work is there done ready to hand, and 
that by the use of it, the operation of checking the figures will be quite 
unnecessary. Every professional man knows also, that although the 
matter of calculating gradients for parliamentary sections is very simple, 
very serious mistakes often occur; probably from so much of this work 
being often done late in the night, when men are more than tired. The 
writer will just mention one case, which occurred not very long since. On 
an important line of about 20 miles in length, a clerical error of this 
description was carried through the section, and the consequence was 
that no further step was taken than to deposit the plans, for it was only 
afterwards, unfortunately, that the error was discovered. Not only 
about £2,000 in cash was lost in this matter, but the line of railway 
also. By a very simple use of this Table, and the application of a 
horizontal and a vertical scale, even the possibility of error is entirely 
avoided. | 
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NEW LIST 


OF 


WEALE’S 


RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, AND 
CLASSICAL SERIES, 


OF WORKS SUITABLE FOR 


Engineers, Architects, Builders, Artisans, and Students 
generally, as well as to those interested in Workmen’s 
Libraries, Free Libraries, Literary and Scientific Insti- 
tutions, Colleges, Schools, Science Classes, dc., &c. 


SADE ADALDEADALAISA 


*.* THE ENTIRE SERIES IS FREELY ILLUSTRATED WHERE 
REQUISITE. 


(The Volumes contained in this List are bound in limp cloth, except 
where otherwise stated.) 


AGRICULTURE, 


66. CLAY LANDS AND LOAMY SOILS, by J. Donaldson. 1s. 
140. SOILS, MANURES, AND CROPS, by R. Scott Burn. 2s, 


141. FARMING, AND FARMING ECONOMY, Historical and 
Practical, by R. Scott Burn. 3s. 

142. CATTLE, SHEEP, AND HORSES, by R. Scott Burn. 2s. 6d. 

145, MANAGEMENT OF THE DAIRY—PIGS—POULTRY, 
by R. Scott Burn. With Notes on the Diseases of Stock, by 
a Veterinary Surgeon. 2s. 

146. UTILISATION OF TOWN SEWAGE—IRRIGATION— 
RECLAMATION OF WASTE LAND, by R. Scott Burn. 


2s. 6d. 
Nos. 140, 141, 142, 145, and 146 bound in 2 vols., cloth boards, 14s 


LOCKWOOD & CO., 7, STATIONERS’ HALL COURT. 
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ARCHITECTURAL AND BUILDING WORKS. 


45. 


57. 


. ARCHITECTURE, Orders of, by W. H. Leeds. 1s. 6d. \ wo ae 


ARCHITECTURE AND BUILDING. 


Styles of, by T. Talbot Bury. 1s. 6d. { 95. 6. 


Principles of Design, by E. L. Garbett. 2s, 
Nos. 16, 17, and 18 in 1 vol. cloth boards, 5s. 6d. 


. BUILDING, the Art of, by E. Dobson. 1s. 6d. 
. BRICK AND TILE MAKING, by E. Dobson. 3s. 


. MASONRY AND STONE-CUTTING, by E. Dobson. New 


Edition, with Appendix on the Preservation of Stone. 2s. 6d. 


. DRAINAGE AND SEWAGE OF TOWNS AND BUILD- 


INGS, by G. D. Dempsey. , 
With No. 29 (See page 4), Drainage of Districts and Lands, 8s. 


. BLASTING AND QUARRYING OF STONE, &c., by Field- 


Marshal Sir J. F. Burgoyne. 1s. 6d. 


. DICTIONARY OF TECHNICAL TERMS used by Architects, 


Builders, Engineers, Surveyors, &c. 4s.; cloth boards, 5s. 


. COTTAGE BUILDING, by C. B. Allen. 1s. 
. FOUNDATIONS AND CONCRETE WORKS, by E. Dobson. 


ls. 6d. 


LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, 
&e., by G. R. Burnell, C.E. Is. 6d. 


WARMING AND VENTILATION, by C. Tomlinson, F.R.S. 3s. 


83**, DOOR LOCKS AND IRON SAFES, by Tomlinson. 2s. 6d. 


tll. 


ARCHES, PIERS, AND BUTTRESSES, by W. Bland. 1s. 6d. 


116. ACOUSTICS OF PUBLIC BUILDINGS, by T.R. Smith. 1s.6d. 
123. CARPENTRY AND JOINERY, founded on Robison and 


Tredgold. 1s. 6d, 


123*. ILLUSTRATIVE PLATES to the preceding. 4to. 4s. 6d. 


124. 
127. 
128. 
130. 


132. 
156. 


ROOFS FOR PUBLIO AND PRIVATE BUILDINGS, 
founded on Robison, Price, and Tredgold. 1s. 6d. 

ARCHITECTURAL MODELLING IN PAPER, Practical 
Instructions, by T. A. Richardson, Architect. 1s. 6d. 

VITRUVIUS’S ARCHITECTURE, translated by J. Gwilt, 
with Plates. 5s. 

GRECIAN ARCHITECTURE, Principles of Beauty in, by 


the Earl of Aberdeen. Is. 
Nos. 128 and 130 in 1 vol. cloth boards, 7s. 


ERECTION OF DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &c., by 8. H. Brooks, 27 Plates. 2s. 6d, 

QUANTITIES AND MEASUREMENTS. With Rules for 
Abstracting, &e. By A.C. Beaton. 1s. 6d. 


PUBLISHED BY LOCKWOOD & CO., 


ARITHMETICAL AND MATHEMATICAL WORKS. 3 


ARITHMETIC AND MATHEMATICS. 

32. MATHEMATICAL INSTRUMEN'S, THEIR CONSTRUC- 
TION, USH, &e., by J. F. Heather. Original Edition in 
I vol. Is. 6d. 

*.* In ordering the above, be careful to say * Original Edition,” to 
distinguish it from the Enlarged Edition in 3 vols., advertised 
on page 4 as in preparation. 

60. LAND AND ENGINEERING SURVEYING, by T. Baker. 2s. 

61*, READY RECKONER for the Admeasurement and Valuation 
of Land, by A. Arman. Is. 6d. 

76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. F. Heather. 2s. 

83. COMMERCIAL BOOK-KEEPING, by James Haddon. 1s. 

84. ARITHMETIC, with numerous Examples, by J. R. Young. 1s. 6d. 

84*, KEY TO THE ABOVE, by J. R. Young. 1s. 6d. 

85. EQUATIONAL ARITHMETIC: including Tables for the 
Calculation of Simple Interest, with Logarithms for Compound 
Interest, and Annuities, by W. Hipsley. Is. 

85*. SUPPLEMENT TO THE ABOVE, Is. 

85 and 85* in 1 vol., 2s. 

86. ALGEBRA, by J. Haddon. 2s. 

86*. KEY AND COMPANION to theabove, by J.R. Young. 1s. 64 

88. THE ELEMENTS OF EUCLID, with Additional Propositions, 
and Hssay on Logic, by H. Law. 2s. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 
J. Hann. Entirely New Edition, improved and re-written 
by J. R. Young. [In preparation. 

91. PLANE TRIGONOMETRY, by J. Hann. Is. 

92, SPHERICAL TRIGONOMETRY, by J. Hann, 1s. ~ 

Nos. 91 and 92 in 1 vol., 2s. 

93. MENSURATION, by T. Baker. - 1s. 6d. 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of 
Natural Sines, Cosines, and Tangents, by H. Law, O.E. 2s. 6d. 

101. DIFFERENTIAL CALCULUS, by W. 8. B. Woolhouse. is. 

101*. WEIGHTS, MEASURES, AND MONEYS OF ALL 
NATIONS; with the Principles which determine the Rate of 
Exchange, by W. S. B. Woolhouse. _ 1s. 6d. 

102. INTHGRAL CALCULUS, RUDIMENTS, by H.Cox, B.A. 1s. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. 1s. 

104. DIFFERENTIAL CALCULUS, Examples, by J. Haddon. 1s. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 
Mnemoniecal Lessons, by the Rev. T. P. Kirkman. 1s. 6d. 

117. SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATION OF THE NEEDLE, by T. Fenwick, 
with Additions by T. Baker. 2s. 6d. 


7, STATIONERS’ HALL COURT, LUDGATE HILL. 


4 CIVIL ENGINEERING WORKS. 


131. READY-RECKONER FOR MILLERS, FARMERS, AND 
MERCHANTS, showing the Value of any Quantity of Corn, 
with the Approximate Values of Mill-stones & Mill Work. ls. 

136. RUDIMENTARY ARITHMETIC, by J. Haddon, edited by 
A. Arman. Ils. 6d. 

137. KEY TO THE ABOVE, by A. Arman. Is. 6d. 

147. STEPPING STONE TO ARITHMETIO, by A. Arman. | 1s. 

148. KEY TO THE ABOVE, by A. Arman. 1s. 


158. THE SLIDE RULE, AND HOW TO USE IT. With 
Slide Rule in a pocket of cover. 3s. 


¥*,* New Volumes in preparation :— 


DRAWING AND MEASURING INSTRUMENTS. In- 
cluding—Instruments employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &c., by J. F. Hearner, M.A. = [Just ready. | 


OPTICAL INSTRUMENTS, more especially Telescopes, 
Microscopes, and Apparatus for producing copies of Maps 
and Plans by Photography, by J. F. Hearner, M.A. 

[Just ready. 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including—Instruments Used for Determining the Geome- 
trical Features of a portion of Ground, and in Astronomical 
Observations, by J. F. Heatner, M.A, _ [Just ready. 

*.* The above three volumes form an enlargement of the Author’ s. 
original work, “ Mathematical Instruments,” the Tenth Edition 
of which (No. 32) is still on sale, price 1s. 6d. 


PRACTICAL PLANE GEOMETRY: Giving the Simplest 
Modes of Constructing Figures contained in one Plane, by 
J. KF. Heatuer, M.A. 

PROJECTION, Orthographic, Topographic, and Perspective : 
giving the various modes of Delineating Solid Forms by Con- 
structions on a Single Plane Surface, by J. F. Huaruer, M.A. 

*.* The above two volumes, with the Author's work already in 
the Series, *‘ Descriptive Geometry,” will form a complete Ele- 
mentary Course of Mathematical Drawing. 


CIVIL ENGINEERING, 


13. CIVIL ENGINEERING, by H. Lawand G.R. Burnell. Fifth 
Edition, with Additions. 5s. 
29. DRAINAGE OF DISTRICTS AND LANDS, by G. D. Dempsey. 


ls. 6d. 
With No. 30 (See page 2), Drainage and Sewage of Towns, 3s. 


PUBLISHED BY LOCKWOOD & CO., | 
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WORKS IN FINE ARTS, ETC. 5 


31. WELL-SINKING, BORING, AND PUMP WORK, by J. G. G. 
Swindell, revised by G. R. Burnell. 1s. 

43, TUBULAR AND IRON GIRDER BRIDGES, including the 
Britannia and Conway Bridges, by G. D. Dempsey. ls. 6d. 

46. ROAD-MAKING AND MAINTENANCE OF MACADA- 
MISED ROADS, by Field-Marshal Sir J. F. Burgoyne. 1s. 6d. 

47. LIGHTHOUSES, their Construction and Illumination, by Alan 
Stevenson. 3s. 

62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 
Additions by E. Nugent, C.E. 2s. 6d. 

62*, RAILWAY CAPITAL AND DIVIDEN DS, with Statistics of 
Working, by E. D. Chattaway. 1s. 

No. 62 and 62* in 1 vol., 3s. 6d. 

80*, EMBANKING LANDS FROM THE SHA, by J. Wiggins. 2s. 

82**, GAS WORKS, andthe PRACTICE of MAN UFACTURING 
and DISTRIBUTING COAL GAS, by S. Hughes. 3s. 


| 82***, WATER-WORKS FOR THE SUPPLY OF CITIES AND 


TOWNS, by S. Hughes, C.E. 3s. 

118. CIVIL ENGINEERING OF NORTH AMERIOA, by D. 
Stevenson. 3s. 

120. HYDRAULIC ENGINEERING, by G. R. Burnell. 3s. 

121. RIVERS AND TORRENTS, with "the Method of Regulating 
their Course and Channels, Navigable Canals, &c., from the 
Italian of Paul Frisi. 2s. 6d. 


EMIGRATION. 
154. GENERAL HINTS TO EMIGRANTS. 2s. 
157. EMIGRANT’S GUIDE TO NATAL, by R. J. Mann, M.D. 2s. 
159. EMIGRANT’S GUIDE TO NEW SOUTH WALES, 
WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird, B.A. 2s. 6d. 
160. EMIGRANT’S GUIDE TO TASMANIA AND NEW ZEA- 
LAND, by James Baird, B.A. - [In Preparation. 


FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 2s. 

27. PAINTING; or, A GRAMMAR OF COLOURING, by G 
Field. 2s. 

40, GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 
on the Art of Enamel Painting, &c. 1s. 

41. PAINTING ON GLASS, from the ate of Fromberg. ls. 

69. MUSIC, Treatise on, by 0. 0. Spencer. 2s. 

71. THE ART OF PLAYING THE PIANOFORTE, by ©. C. 


Spencer. ls. 


7, STATIONERS’ HALL COURT, LUDGATE HILL. 


6 WORKS IN MECHANICS, ETC. 


LEGAL TREATISES. 
50. LAW OF CONTRACTS FOR WORKS AND SERVICES, 
. by David Gibbons. ‘1s. 6d. 
107. THE COUNTY COURT GUIDE, by a Barrister. 1s. 6d. 
i08. METROPOLIS LOCAL MANAGEMENT ACTS. Is. 6d. 


108*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 


ACT, 1862; with Notes and Index. oe 
* INos. 108 and 108* in 1 wol., 

109. NUISANCES REMOVAL AND DISHASES PREVENTION 
AMENDMENT ACT. Is. 

110. RECENT LEGISLATIVE ACTS applying to Contractors, 
Merchants, and Tradesmen. Is. 

151. THE LAW OF FRIENDLY, PROVIDENT, BUILDING, 
AND LOAN SOCIETIES, by N. White. 1s. 

163. THE LAW OF PATENTS FOR INVENTIONS, by F. W. 
Campin, Barrister. 2s. 


MECHANICS & MECHANICAL ENGINEERING. 


6. MECHANICS, by Charles Tomlinson. 1s. 6d. 

12. PNEUMATICS, by Charles Tomlinson. New Edition. 1s. 6d. 
338. CRANES AND MACHINERY FOR RAISING HEAVY 
BODIES, the Art of Constructing, by J. Glynn. Is. 

34, STHAM ENGINE, by Dr. Lardner. 1s. 

59. STEAM BOILERS, their Construction and Management, by 
R. Armstrong. With Additions by R. Mallet. 1s. 6d. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
IMPLEMENTS, by G. H. Andrews, C.E. 3s. 

67. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New 
ea with Appendix. 3s. 6d. 

Appendiz (to the 4th and 5th Editions) separately, 1s. 

77*. ECONOMY OF FUEL, by I’. S. Prideaux. 1s. 6d. 

78*, THE LOCOMOTIVE ENGINE, by G. D. Dempsey. 1s. 6d. 

79*, ILLUSTRATIONS TO THE ABOVE. 4to. 4s. 6d. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Fifth Edition, revised and augmented, with 
a Glossary of Technical Terms, with their equivalents in 
French, German, and Spanish. 3s. 

82, WATER POWER. as applied to Mills, &., by J. Glynn. 2s. 

97. STATICS AND DYNAMICS, by T. Baker. New Edition. 1s. 6d. 

98. MECHANISM AND MACHINE TOOIS, by T. Baker; and 
TOOLS AND MACHINERY, by J. Nasmyth. 2s. 6d. 

1138*. MEMOIR ON SWORDS, by Col. Marey, translated by Lieut.- 
Col. H. H. Maxwell. 1s. 
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114. MACHINERY, Construction and Working, by C.D. Abel. 1s.6d. 

115. PLATES TO THE ABOVE. 4to. 7s. 6d. 

125, COMBUSTION OF COAL, AND THE PREVENTION OF 
SMOKE, by C. Wye Williams, M.I.C.E. 3s. 

139. STEAM ENGINE, Mathematical Theory of, by T. Baker. 1s, 

155. ENGINEER’S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES, by a Practical Engineer. Revised by 
D. F. McCarthy. 3s. 

162. THE BRASSFOUNDER’S MANUAL, by W.Graham. 2s. 6d. 

164. MODERN WORKSHOP PRACTICE. By J.G.Winton. 3s. 

165. IRON AND HEAT, Exhibiting the Principles concerned in 
the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Furnace, by Jamrs 
Armour, C.E. Woodcuts. 2s. 6d. [ Now ready. 

166. POWER IN MOTION: Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c., 
by James Armour, C.E. With 73 Diagrams. 2s.6d. [Just ready. 


*.* New Volumes in preparation :— 


THE APPLICATION of IRON in the Construction of Bridges, 
Beams, and Girders, by Francis Campin, C.E. With Illus- 
trations. [Nearly ready. 

THE WORKMAN’S MANUAL OF ENGINEERING 
DRAWING, by Joun Maxton, Instructor in Engineering 
Drawing, Royal School of Naval Architecture and Marine 
Engineering, South Kensington. Plates and Diagrams. 

[Nearly ready. 

MINING TOOLS. For the Use of Mine Managers, Agents, 
Mining Students, &c., by Witt1Am Moreans, Lecturer on 
Practical Mining at the Bristol School of Mines. 12mo. With 
an Atlas of Plates, containing 200 Lllustrations. 4to. 

[Nearly ready. 

TREATISE ON THE METALLURGY OF IRON; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauprman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Numerous Woodcuts. 


: 
: 
; 
| 


NAVIGATION AND SHIP-BUILDING. 


51. NAVAL ARCHITECTURE, by J. Peake. 3s. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 
of, by Captain H. A. Sommerfeldt. 1s. 

63**, ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 
Practice. 4to. 7s. 6d. 

54. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 
by R. Kipping. 1s. 6d. 
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54*, IRON SHIP-BUILDING, by J. Grantham. Fifth Edition, 
with Supplement. 4s. 
54**, ATLAS OF 40 PLATES to illustrate the preceding, includ- 
ing numerous Modern Examples—“ The Warrior,” ‘“ Her- 
cules,” “ Bellerophon,” &c. 4to. 38s. 
55. NAVIGATION ; the Sailor’s Sea Book: How to Keep the Log 
and Work it off, Law of Storms, &c., by J. Greenwood. 2s, 
83 bis. SHIPS AND BOATS, Form of, by W. Bland. 1s. 6d. 
99. eect Saimagoersa) OMY AND NAVIGATION, by J. R. 
Young. 2s. 
100*. NAVIGATION TABLES, for Use with the above. ls. 6d. 
106. SHIPS’ ANCHORS for all SERVICES, by G. Cotsell. 1s. 6d. 
149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 2s, 6d. 


—— 


PHYSICAL AND CHEMICAL SCIENCE. 


1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 
cultural Chemistry. New Edition, with Index. Ils. 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. 1s. 

38. GEOLOGY, by Major-Gen. Portlock. New Edition, with 
Index. 1s. 6d. 

4. MINERALOGY, by A. Ramsay, Jun. 3s. 

7. ELECTRICITY, by Sir W. 8. Harris. 1s. 6d. 

7*, GALVANISM, ANIMAL AND VOLTAIO ELECTRICITY, 
by Sir W. 8S. Harris. 1s. 6d. 

8. MAGNETISM, by Sir W.S. Harris. 3s. 6d. 

Nos. 7, 7*, and 8 in 1 vol. cloth boards, 7s. 6d. 

11. HISTORY AND PROGRESS OF THE ELECTRIO TELE- 
GRAPH, by Robert Sabine, C.E., F.S.A. 3s. 

72. RECENT AND FOSSIL SHELLS (A Manual of the Mollusca), 
by S. P. Woodward. With Appendix by Ralph Tate, F.G.S. 
6s.6d.; in cloth boards, 7s.6d. Appendix separately, ls, 

79**, PHOTOGRAPHY, the Stereoscope, &c., from the French 
of D. Van Monckhoven, by W. H. Thornthwaite. 1s. 6d. 

96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 
Edition, with an Appendix on “Spectrum Analysis.” 1s. 6d. 

133. METALLURGY OF COPPER, by Dr. R. H. Lamborn. 2s, 

1384. METALLURGY OF SILVER AND LEAD, by Dr. BR. H. 
Lamborn. 2s. 

135. ELECTRO-METALLURGY, by A. Watt. 2s. 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 
and enlarged Edition. 1s. 6d. 

143. EXPERIMENTAL ESSAYS—On the Motion of Camphor 
and Modern Theory of Dew, by C. Tomlinson. _ 1s. 

161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 
PRACTICAL TELEGRAPHY, by W. McGregor. Is. 6d. 


PUBLISHED BY LOCKWOOD & CO., 
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EDUCATIONAL WORKS. 9 


MISCELLANEOUS TREATISES. 


12. DOMESTIC MEDICINE, by Dr. Ralph Gooding. 2s. 

112*, THE MANAGEMENT OF HEALTH, by James Baird. 1s, 

113. USE OF FIELD ARTILLERY ON SERVICE, by Taubert, 
translated by Lieut.-Col. H. H. Maxwell. 1s. 6d. 

150. LOGIC, PURE AND APPLIED, by S.H. Emmens. 1s. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY: with 
an Explanation of the Mode of Transacting Business on the 
Stock Exchange, by Francis Playford, Sworn Broker. 1s. 

153. LOCKE ON THE CONDUCT OF THE HUMAN UNDER- 
STANDING, Selections from, by 8. H. Emmens. 2s. 


NEW SERIES OF EDUCATIONAL WORKS. 


1, ENGLAND, History of, by W. D. Hamilton. 5s.; cloth boards, 
6s. (Also in 5 parts, price 1s. each.) 

5. GREECH, History of, by W. D. Hamilton and E. Levien, M.A. 
2s. 6d.; cloth boards, 3s. 6d. 

7. ROME, History of, by E. Levien, M.A. 2s. 6d.; cloth boards, 
3s. 6d. 

9. CHRONOLOGY OF HISTORY, LITERATURE, ART, 
and Progress, from the earliest period to the present time. 
2s. 6d.; cloth boards, 3s. 6d. 

11. ENGLISH GRAMMAR, by Hyde Clarke, D.C.L. 1s. 
11*. HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. 1s. 
12. ENGLISH DICTIONARY, containing above 100,000 words, 
by Hyde Clarke, D.C.L. 3s. 6d.; cloth boards, 4s. 6d. 
, with Grammar. Cloth bds. 5s. 6d. 
14. GREEK GRAMMAR, by H. C. Hamilton. 1s. 
15. ————— DICTIONARY, by H. R. Hamilton. Vol. 1. Greek— 
English. 2s. 
17. Vol. 2. English—Greek. 2s. 
Complete in 1 vol. 4s.; cloth boards, 5s. 
, with Grammar. Cloth boards, 6s. 
19. LATIN GRAMMAR, by T. Goodwin, M.A. 1s. 
20. ——— DICTIONARY, by T. Goodwin, M.A. Vol. 1. Latin 
—English. 2s. 
22. ° Vol. 2. English—Latin. 1s. 6d. 
Complete in 1 vol. 3s.6d.; cloth boards, 4s. 6d. 
, with Grammar. Cloth bds. 5s. 6d. 
24. FRENCH GRAMMAR, by G. L. Strauss. Is. 
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25. FRENCH DICTIONARY, by A. Elwes. Vol. 1. French— 
English. 1s. 
26. Vol. 2. English—French. Is. 6d. 
Complete in 1 vol. 2s. 6d.; cloth boards, 3s. 6d. 
, with Grammar. Cloth bds. 4s. 6d. 
27. ITALIAN GRAMMAR, by A. Elwes. 1s. 
28. ————  TRIGLOT DICTIONARY, by A. Elwes. Vol. 1, 
Italian—English—French. 2s. 
30. ————. Vol. 2. English—French—Italian, 2s. 
32, ————- Vol. 3. French—Italian—English. 2s. 
— Complete in 1 vol. Cloth boards, 7s. 6d. 
, with Grammar. Cloth bds. 8s. 6d. 
34, SPANISH GRAMMAR, by A. Elwes. Is. 
35. —_———_ ENGLISH AND ENGLISH-SPANISH DIC- 
TIONARY, by A. Elwes. 4s.; cloth boards, 5s. 
, with Grammar. Cloth boards, 6s. 
39. GERMAN GRAMMAR, by G. L. Strauss. 1s. 
40, —————— READER, from best Authors. Is. 
41. ——_—_——_TRIGLOT DICTIONARY, by N.E. S.A. Hamilton. 
Vol. 1. English—German—French. 1s. 
. —— Vol. 2. German—French—English. Is. 
43. ———— Vol. 3. French—German—English. 1s. 
Complete 1 in 1 vol. 3s.; cloth boards, 4s. 
with Grammar. Cloth boards, 5s. 
44, HEBREW DICTIONARY, by Dr. Bresslau. Vol. 1. Hebrew 


—KEnglish. 6s. 
, with Grammar. 7s. 
46. Vol. 2. English—Hebrew. 3s. 
——_——-Complete, with Grammar, in 2 vols. Cloth boards, 12s. 
46*,. __—_—- GRAMMAR, by Dr. Bresslau. 1s. © 


47. FRENCH AND ENGLISH PHRASE BOOK. 1s. 
48. COMPOSITION AND PUNCTUATION, by J. Brenan. Is. 
49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. 1s. 6d. 
50. DATES AND EVENTS. A Tabular View of English History, 
with Tabular Geography, by Edgar H. Rand. [Jn Preparation. 
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EDUCATIONAL AND CLASSICAL WORKS. 11 
GREEK AND LATIN CLASSICS, 
‘With Explanatory Notes in English. 
LATIN SERIES. 

1. A NEW LATIN DELECTUS, with baci and 
Notes, by H. Young Is. 
2. CAHISAR. De Bello Gallico ; Notes by H. Vote 2s. 
3. CORNELIUS NEPOS; Notes by H. Young ° ls, 

4, VIRGIL. The Georgics, Bucolics, and Doubtful Peon: 
Notes by W. Rushton, M.A., and H. Young - les. 6a, 
5. VIRGIL. Atneid; Notes by H. Young : 2s. 
6. HORACE. Odes, Epodes, and Carmen Seculare, by H. Young ls. 
7. HORACE. Satires and Epistles, by W. B. Smith, M.A. 1s. 6d. 

8. SALLUST. Catiline and J cae: War; N otes by 
W.M. Donne, B.A. . sl Ee. Gd; 

9. TERENCE. Andria and Hautontimorumenos Notes by 
the Rev. J. Davies, M.A. : F sie) ee Cala 

10. TERENCE. Adelphi, Hecyra, and Paonisins ; Notes by 
the Rev. J. Davies, M.A... 2s. 
11. TERENCE. Eunuchus, by Rev. J. Vavis M. A. ; 1s. 6d. 

Nos. 9,10, and 11 in 1 vol. cioth boards, 6s. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 
with Notes, &., by J. Davies, M.A. (Now ready.) . Bp La 

14. CICERO. De Amicitia, de Senectute, and Brutus; Notes 
by the Rev. W. B. Smith, M.A. . 2s. 
16. LIVY. Books i., ii., by H. Young : ig te. 6d. 
16*. LIVY. Books iii., iv., v., by H. Young . : . Is. 6d. 
17. LIVY. Books xxi., xxii., by W. B. Smith, M.A. ov Re Oe, 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS,. 
Selections from, by W. Bodham Donne . ‘ 2s. 

20. SUETONIUS and the later Latin Writers, Selections from, 
by W. Bodham Donne . . 28. 

21. THE SATIRES OF JUVENAL, by. H. 8. Bscott, M.A, 
of Qneen’s College, Oxford. . Is 6d. 
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EDUCATIONAL AND CLASSICAL WORKS. 


GREEK SERIES. 


A NEW GREEK DELEOCTUS, by H. Young. 


. XENOPHON. Anabasis, i. ii. iii., by H. Young 
. XENOPHON. Anabasis, iv. v. vi. vii. by H. Young 


LUCIAN. Select Dialogues, by H. Young 


HOMER. Iliad, i. to vi., by T. H. L. Leary, D.C.L. ls. 
HOMER. Iliad, vii. to xii., by T. H. L. Leary, D.C.L. 1s. 
. HOMER. Iliad, xiii. to xviii., by T.H. L. Leary, D.C.L. 1s. 
. HOMER. [Tiiad, xix. to xxiv., by T. H. L. Leary, D.C.L. Is. 
. HOMER. Odyssey, i. to vi. by T. H. L. Leary, D.C.L. 1s. 
. HOMER. Odyssey, vii. to xii., by T. H. L. Leary, D.C.L. 1s. 
. HOMER. Odyssey, xiii.toxviii., by T. H. L. Leary, D.C.L. 1s. 6d. 
. HOMER. Odyssey, xix. to xxiv.; and FEDS bas H. ZL, . 


Leary, D.C.L. 


. PLATO. Apologia, Crito, sie Phiedo, by Z. Sues M. he 

. HERODOTUS, Books i. ii., by T. H. L. Leary, D.C.L. 1s. 
. HERODOTOS, Books iii. iv., by T. H. L. Leary, D.C.L. 1s. 
. HERODOTUS, Books v. vi. vii., by T. H. L. Leary, D.C.L. 1s. 
. HERODOTUS, Books viii. ix., and aii ie Ls dhe Die 
Leary, D.C.L. ‘ odes 
. SOPHOCLES. (idipus Pyeaimnk, re H. Aocine 

. SOPHOCLES. Antigone, by J. Milner, B.A. 

. EURIPIDES. Hecuba and Medea, by W. B. Smith, M.A. Is. 6d. 
. EURIPIDES. Alcestis, by J. Milner, B.A. 

. ZSCHYLUS. Prometheus Vinctus, by J. Davies, M.A. 

. ASCHYLUS. Septem contra Thebas, by J. Davies, M.A. 
, ARISTOPHANES. rater by CO. 8. D. Townshend, 
M.A. ; ° 4 ae 
. THUCYDIDES. Balsianogan War. Book i i. ee H. Young 1s. 
. XENOPHON., Panegyric on Agesilaus, by Ll. F. W. Jewitt 1s. 6d. 


6d. 
6d. 
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